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JNTRODUCTION, 



In offerifig these pages ; to the Public, 
Uttle explanation is perhaps necessary; 
the acknowledged iniportance of Rail-roa|l 
co^yeyance, and the intense anxi^y exist- 
ing in the public mind^ respecting the 
relajtive value of Canals and Rail-roads, as 
species of iiitemal conununication, render 
any information concerning them of inter- 
est; and, if that information is founded on 

■ 

the result, of experiments performed on a 
working scale, it is conceived that, wjhejther 
they tend towards establishing the on^ 
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system or the other, they will be equally 
entitled to attention. 



The want of practical information on 
the subject .of Rail-roads^ has been much 
lamented ; detached observations and opi- 
nions have at times been circulated, but 
little has* been done towards the exhibition 
of thesubject in a systematic manner.-The 
want of experiments on the friction of car- 
riages, — the want of detailed observations 
on the performance of horses, and of other 
kinds of motive power, have alike been 
the subject of r^et among those inter- 
ested in such enquiries; and little more 
than mere conjecture has transpired in the 
writings of all those who have not been 
more immediately concerned in the prac- 
tical application of this mode of convey- 
ance. 
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In attempting to suppl;]^ ihe&e defects, 
considering tiie importance of the sub- 
ject^ some apology may be necessslry ; but 
in giving the result of fects, which Jiiave 
come under my knowledge in the course 
of professional practice^ and also of several 
experiments made with the express view of 
obtaining die requisite information ; it is 
trusted, that it wiU be a sufficient excuse 
for aiiy errors, when it is considered, that 
the path is almost an unbeaten one^ tod 
that little, except general observations, 
has hitherto been published. 

The greatest care has been used in the 
prosecution of the different experiments/ 
and the most minute details are given^ in 
order that the reader may be able to judge 
of the credit to which they are entitled ; 
my object has been to furnish jpractical 
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« 

data on the subject, and in doing so> not to 
assume any theory, or deduce any propo- 
sition, which is not supported by expfiri- 
ment J and if, in doing this, I have rendered 
the work less suited to the taste of general* 
readers, or have fallen into prolixity in the 
description of the details; I trust that it 
will be attributed to my desire of ren- 
tiering the subject clear and £imiliar to the 
capacity of every One, whether acquainted 
or unacquainted with the technical phra^ 
s^logy of the enquiry. 

It Avould be too much for me to assume 
that I have supplied all the information 
of which the subject is susceptible ; on the 
contrary, I wish it to be understood, that 
what is herein contained must be con- 
sidered only as an approximation. It will 
be sufficient, if what I have donel>e of use 
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Wl the practical elucidation of this species 

m 

of internal communication* and serviceable 
in establishing a more correct judgment of 
iis nature and utility. 

I shall, therefore, without further com- 
ment, proceed to give an outline of the 
nature of the work; and, in doing so, will 
point out some omissions, which want of 
time and opportunity have obliged me for 
the present to postpone. 

Chapter L — Contains an introduction on 

» 

the history of the various species of internal 
communication, with their successive and 
several transitions into the present modes. 

Chapter II. — Comprehends an historical 
account of the introduction of Rail-rpads, 
with a description of their gradual im- 
provement from wooden to cast, and 



^ 
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malleable iron-rails^ illustrated by several 
drawings. 



In preparing this chapter, the remote date 
of the first application of Bail-roads to the 
transit of goods, has somewhat obscured this 
part of the subject, and rendered it not quite 
so perspicuous and clear as I could have 
wished. In Mowing 'up the history. 
I have however endeavoured to trace the 
successive steps, from one improvement to 
another, which I have illustrated by requi- 
site drawings. I have also given drawings 
of several rails at present in use, in cases 
where general opinion seems to have con- 
curred in pronouncing their, superiority. 
Perhaps, some readers may find that no 
notice is taken of various kinds of rails, 
which they may think important. I have, 
however, given all those which materially 
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differed firom each other, and where such 
difference appeared to me to present a real 
improvement ; but, in doing so, it will be 
necessary to state that I have confined my 
observations exclusively to those at present 
in use; and this remark will suffice for 
thosewhodonot find in any of the other 
parts of the work, notice taken of sevei^ 
schemes recently . offered to the attention 
of the public. 



Chapter III. — ^Contains a description of 
the form and construction of carriages 
used upon Rail-*roads, — in which I have not 
attempted to give the particular form of the 
body of the carriages, as these must vary 
with almost every kind of goods, and would 
have impcteed upon myself and my readers 
an endless, as well as an useless task. I 
have, therefore, confined my observations 
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to those parts of the carriages which were 
common to each kind^ and peculiar to the 
road. 



In Chapter IV. I have introduced a 
division of the various Unes of inclination 
of Rail-roads^ into those suitable for each 
distinct kind of motive power; and/ al- 
though I found it extremely difficult to fix 
a proper line of demarcation between each, 
yet, I trust, the division will be useful, not 
only in practice, but also as the means of 
conveying a more distinct idea of the 
degree of inclination proper for each de- 
scription of motive power. i 



Whenever the nature of the road per- 
mitted, as in the case of the self-acting and 
engine-planes, I have given formulae for 
calculating the effect . of carriages ; de- 



INTRODUCTION/ 13 

scending by their gravitating force, these, 
though perhaps not possessing strict ma- 
thematical correctness, will nevertheless be 
sufficiently accurate for practice. 

In this diapter I have also given a 
history of the various sorts of loco-motive 
engines, as far as the extent* of my enquiries 
enabled me, which I have followed up by 
particular descriptions, illustrated by draw- 
ings, on a copious scale, of .the different 
engines at present in use. 

Chapter V. — Comprehends Experiments 
on the strength of cast and malleable iron 
rails, from which is deduced a practical 
rule for determining the strength necessary 
to carry different weights on other Rail- 
roads. 

In Chapter VI. -is gfiveu a series of 
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Experiments on the fiictibn or resistance 
of carriages moved on Rail-roads. These 
Experiments, being varied both with 
respect to weight and velocity^ it is 
trusted, will be found useful^ especially, 
as the want of the necessary data is 
justly acknowledged. They were multi- 
plied until no doubt could be entertained 
of their accuracy; and the details are 
given with every minuteness, that the 
reader may be able to judge of the 
dependance which may be placed upon 
them. 

Some ambiguity having arisen^ respect- 
ing the law of resistance of carriages 
moved at different velocities upon Bail- 
roads^ I have attempted, • by a compre- 
hensive and minute . illustration, assisted 
by diagrams, to define the proper ratio, 
which I have derived from £xp«ri- 
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meut; and which, it is trusted, vdll be 
the means of elucidating the true law of 
such resistance. 



Chapiter VII. — ^Ropes being most gene- 
rally employed in dragging carriages up 
ascents, or lowering them down from one 
levd to another on Bail-roads^ by the aid of 
fixed steam-engines, or by the force of gra- 
vity, the friction of these will forin a.sub- 
je«t of enquiry of considerable importance. 
This chapter contains, therefore, a series 
of Experiments, on the friction of ropes^ 
on several engine and self-d.cting planes 
in actual use; from which is deduced, a 
theorem for ascertaining the friction of . 
ropes employed in dragging carriages 
upon any Rail-rpad. 

Chapter VIII. — Comprehends a set of 
experiments, observations^ and deductions^ 
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on the various species of motive-power used 
on Rail-roads^ divided into four parts, viz. 

Self-acting Planes^ 

Fixed Steam-engine Planes^,. 

« 

Horses^ and 

Loco-MOTivE Steam-engines. 

In Self-acting* Planes the moving power 
being the force of gravity, the action of 
which is well-known, and that action 
being communicated to the carriages by 
the medium of ropes ; a practical theorem 
is given, founded on the friction of ropes, 
as ascertained by Experiment. 

The effective performance of fixed 
steam-engines is, also^ illustrated by four 
examples of engines dragging carriages 
up ascents on Rail:roads, from whence 
will be derived a rule for practical appli- 
cation. 
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Some regard should, however, be ob- 
served with respect to the effective power 
of high-pressure engines, acting solely by 
the expansive force of steam. In the 
elucidation of the loco-motive engines, it 
will be found, that the effective energy 
upon the load, compared with the pressure 
upon the piston, (the latter being calcu- 
lated by the elasticity of the steam in the 
boiler) depends in a great measure upon 

the velocity of the piston, and its load ; 
and also upon the size of the aperture, 
throi^h which the steam issues from the 

boiler to the cylinder, compared with the 

elasticity of the steam in the boiler. In 

those engines the size of the aperture was 

that which is most generally used, and 

which is about one twenty-fifth of the area 

of the piston. I have^ also, given the 

yelocit]^ of the. piston, so that, in the 
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application of similar engines to practice, 
a comparison can be made. 



To establish data for the performance 
of horses, I have given Tables of the work 
of horses upon three different lines of 
road, two of which may be considered 
as most favourable for the application of 
horses, where the whole of the goods are 
conveyed in one direction, and where the 
relative weights are similar to those given in 
the Table. The horses of Table I. were very 
heavy and powerful ; and those of Table 11. 
rather more so. The Horses of Table III. 

may be considered as moderately -sized 
horses. 



The average performances of these horses 
fall below the expression of Mr. Watt, and 
reach beyond that of Mr. Smeaton ; but, 
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as Mr. Watt's expression was assumed 
more as a couventional standard for a 
horses power, than the true measure of 
th. energy which he « capable of e^rt- 
ing upon the load, perhaps those in the 
Table, being the result of long-continued 
practice, will be a more correct expres-^ 
sion of his energy. 

In the case of loco-motive engines, a 
sufficient number of Experiments ar^ 
given, I trusty to elucidate both the laws 
which regulate their action^ and, also> the 
extent of their performance and utility 
in the conveyance of goods upon Rail- 
roads. The uncertainty which exists, iu 
general, respecting them, renders this 
extremely necessary; and, if I have been 
too prefix in the elucidation of their 
several modes of action, it has arisen from 

B 2 



■wv 
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a wish to satisfy public curiosity, and 
reri-der the illustration of their pf opertiest 
clear and comprehensive. 

. ' ' ' • 

Chapter IX.— Contains an outline of the 
comparative performance of the different 
available species of motive power in the 
conveyance of goods by Canals and Rail- 
roads. Tables have been given, explanatory 
bf the weight of goods which horses can 
bohvey , at different rates of speed, upon 
Canals and upon Rail-roads ; and, also, 
the weight which horses can convey oil 
Canals, and which loco-motive engines 

• • ' • 

can drag upon Rail-roads. The perform- 
knee of the latter will, also, represent the 
effect with any other §pecies of mechanical 

power oh Rail-Roads, the energy of which 

• . ' ... ... 

corresponds with that assigned to the loco- 
taiotive engines. 
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These particulars, therefore, comprehend; 
an outline. of the matter cootained iti the. 
work, which, I trust, will be found gene-r 

rally useful. Many subjects yet require. 

> 

elucidation and enquiry ; in particular^. 
Experiments ;are required to ascertain what 
part of the friction of oar^iages arises froii^ 
the attrition upon the axles, and how i|iuch 
from the rolling of the lyheels upon the rails ; 
I intended to have made this tb.^ subject 
of early application to experinient ; b^t^ 
considering the necessity of the speedy 
appearance of the Work, to meet the 
public anxiety, I did not conceive it pro- 
per to delay the appearance of this work 
until 1 could obtain an opportunity of 
making these Experiments^ 



It will be seen, from the Experiments 
on the strength of rails, that considera- 
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ble deflexion was produced in the malle- 
able iron-rails, when loaded with heavy 
weights. Considering the difference of 
opinion, as to their utility, compared with 
casi-iron, it is a subject of no trifling in- 
terest whether this bending tends, in any 
degree, to affect the resistance of carriages 
moved along the malleable iron-rails. I 
had prepared apparatus to determine this 
point, but have, for the present, been 
obliged to delay it, for the reasons previ- 
ously stated. 



KlLLlNGWORTH^ 

Jpril, 1825. 
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CHAPTER 1. 

INTERNAL COMMUNICATION. 

Tas Romans^ it is probable^ were the first 
who made any regular roads in Great Britain ; 
for the purpose of &cilitating the subjection of 
the inhabitants^ and to secure a communication 
at all times between their armies occupying 
different quarters of the island ; they formed 
what are now termed ^' military roads/* which 
consisted of paths stretched across the country^ 
from one place to another^ and payed with large 
stones. These were generally of very consi- 
derable lengths^ and made to pursue a straight 
line froHA station to station^ thus affording a 
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hard^ durpible^ and safe road^ infinitely superior 
to the swampy^ soft^ and marshy paths^ indis-^ 
criminately formed in all parts of the country^ 
by its early inhabitants. Many of these roads 
are yet in existence in yarious places ; and^ as 
may be expected^ from the purposes for which 
they were originally intended^ they are very 
uneven and undulating. Their direction being 
from one station to another ^^ which were gene- 
rally placed upon the most elevated parts of 
the country^ for the purpose of watching the 
motions of the enemy^ these roads invariably 
avoid the more level parts of the country^ and 
stretch from hill to hilL 

For many centuries after the invasion of the 
ifsland by the Romans^ articles of trade were 
transported from one place to another^ upon 
the backs of horses, which were called, '^ Pack- 
horses.'' Even so late as the middle of the last 
century, almost the whole land-carriage of 
Scotland, and of several parts of England, were 
conveyed on the backs of horses ; and we find, 
at the present day, in most of the mountainous 
parts of Wales, and in the highlands of Scot- 
land, the whole traffic carried on by the same 
mode of carriage. 

The paved and hard roads of the Romans 
would afford a comparatively good track for 
^Qi'ses, but as the inhabitants advanced in civi- 
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lization^ and commerce required the trans-^ 
portation of bulky articles^ this mode of con- 
veyance would be inconvenient and inappli- 
cable to the purpose. It is probable the next 
change of interior communication would be the 
introduction of sledges/ where the articles to be 
ecmveyed was placed upon a square frame of 
wood, which was dragged along by the horse, 
and when the goods were very bulky the united 
effort of several horses could be then employed, 
which could hot be done when it was laid upon 
their backs. 

It is very uncertain at what period wheel - 
carriages were first introduced into Great 
Britain ; the war-chariots of the ancient Britons 
formed a species of wheel-carriages, but it does 
not appear that at that period they were used 
for the purposes of conveying goods. 

The Romans would, no doubt, introduce 
many of the Eastern articles of trade and of the 
arts; but such is the force of habit, tibat it 
appears, long after the invasion of the island 
by that people, the ancient inhabitants retained 
their native habits and customs. 

By degrees, however, when civilization 
reached a higher degree of perfection, and com- 
merce became more extended, the occurrence 
of articles of trade or comfort in the interior 
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districts of the country^ would enforce the adop- 
tion of some mode of communication suitable 
to the advanced state of the arts and manufac- 
tures^- and the use of wheel-carriages, wjiere 
the weight that could be conveyed by a horse 
would, be considerably greater than either what 
he could drag uppn a sledge, or carry on his 
back, would proportionably extend the facility 
of internal traffic. 

The next alteration, in interior communica- 
tion, appears to have been the substitution of 
wooden Rail-ways, in place of the common or 
military roads, and these appear to have been 
first adopted in insulated districts, where the 
quantity of goods to be transported were consi- 
derable^ ^d always over the same ground; 
but, as I intend tracing the history of this species 
of road, when I come to treat more particularly 
on that part of the work, I shalL in Uiis place, 
not extend my remarks further than merely to 
notice it. 

Canals, another kind of conveyance, and 
which is perhaps more extensively used in the 
conveyance of heavy goods, in most of the ma- 
nufacturing countries, than any of the other 
species of internal communication, seems to 
have been the Jast introduced into Great 
Britain. 
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It appears^ csuials were used in Egypt long 
before the invasion of Great Britain by the 
Gauls — ^tn China their introduction is said to 
have taken place at a very early date. Into 
Great Britain their introduction is compara* 
tively recent. The attempt to form the Sanky 
Brook into a navigable canaly from the river 
Mersey to St. Helens in Lancashire^ in 1755, 
appears to have been the first of the kind in 
England; and^ since that period, they have 
been extended into almost every quarter of the 
island. 

The benefits resulting to commerce from a 
cheap and expeditious communication between 
one place and another, for the conveyance of 
goods, being so very evident, needs no com- 
ment. The 4ispussion has been carried on, 
and admitted by every political economist. In 
a manufacturing and cpmmercial nation, the 
facility of transporting goods from the place 
where the raw material is produced, either to 
the consumer directly, or to the manufacturer, 
and from thence to the consumer, is not only a 
subject of essential importance, but next to the 
value of being able to manufacture cheap, 
and in |i superior manner, enables us not 
-only to carry on a successful competition 
with foreigners, but also to support a pre- 
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eminence in the market^ and constitutes almost 
the whole support of commerce. 

If the importance of facilitating commerce 
required illustration^ every political economist^ 
who has written on the subject/ may be quoted 
in support of il. This does not, however; 
come within the limits which I have prescribed 
to myself in the present work. It has already, 
been recently discussed in every shape in the 
different periodical publications, and also in 
some works written expressly for the purpose. 
The only question which I have undertaken is, 
to ascertain what species of internal communi- 
cation presents those conditions in the greatest 
perfection. 

Without anticipating, at this eairly stage of 
the work, conclusions which can only be obr 
tained by the result of ulterior deductions^ 
derived from detailed observations and experir 
ments, it may be necessary briefly to state, 
that the competition seems almost wholly to 
rest between Rail-roads and Canals. It may 
be a question, in many cases, if Rail-roads can 
compete with existing common roads, in tlie 
economy and facility of the conveyance .of 
goods and passengers ; but whether Rail-roads 
are proposed to supersede canals or common 
i'oads, it is alike a subject of the deepest irn- 
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portance to be fiilly acquainted with their 
nature/ construction^ .and the extent of their 
utility^- as !a mode of internal commiinicatioi^. 
r The sudden change: in the public 'opinion, 
respecting the preference of Rail-road to Canal 
conveyance, may excite surprise in the minds 
of many ; on more attentive consideration, 
however, it will be seen to result from the 
natural course of events; and what, from the 
nature of the two : modes, might have been 
anticipated ; no daubt, the excess of capital 
in the country may have operated to accele- 
rate the enquiry, but the real cause proceeds 
irom the peculiar situation and condition of 
♦the two modes. * 

, At the time of the introduction of canals into 
Great Britain, Rail-roads were in a state of 
relative insignificance, compared with the cha- 
xaeter which they at present assume ; like other 
arts, they have been gradually and progres- 
sively improving ; and, since the application ;of 
steam-power to drag the carriages upon them, 
-they have attained such a featcire of value, as 
'to entitle them to the most serious attention of 
the' public. 

Canals, iever since their adoption, have under- 
gone little or no change ; some trivial improve- 
ments : may have been ^ effected in the manner 
of passing boats from dn^ lever to another, but. 
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in their general economy^ they may have been 
said to remain stationary. Their nature abnost 
prohibits the application of mechanical power 
to advantage^ in the conveyance of goods upon 
them ; and they have not^ th^efore^ partaken 
of the benefits which other arts have derived 
from mechanical science. 

The reverse c^ this is the case with RaiN 
roads ; their nature admits of the almost unre^ 
stricted application of mechanical power upon 
them^ and their utility has been correspond*" 
ingly increased. No wonder, then, that canals^ 
which at one time were unquestionably supe- 
rior to Rail-roads in general economy, by re^ 
maining in a state of quiescence should, at some 
period or other, be surpassed by the latter, 
which has been daily and progressively im^^ 
proving, and perhaps that time is arrived. 
The human mind is generally averse and slow in 
adapting itself to the changes of circumstances^ 
and though from this cause the competition in 
consequence might not have been so speedily 
brought into action, had not the present pros- 
perity of the country induced capitalists to 
seek out every source of speculation, affording 
the least prospect of success. The natural 
course of events would, however, soon have 
developed the real situation of the two raodes^ 
in their respective relations to each other, and 
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though the time might have been prdongied 
when Rail-ways were brought into active cmn^ 
petition with canals^ yet its arrival would not 
be the less certain. 

One might be led to suppose^ that the ques* 
tion could readily be solved by an i^eal to 
facts^ or by the comparison of particular Canals 
with similar Rail-ways ; but it is here I presume 
where the difficulty lies, — we cannot perhafu 
find Canals and Rail-ways whose external fea* 
tures are precisely the same ; we are obliged^ 
therefore, to have recourse to a comparison of 
general facts or principles peculiar to each 
mode, which again cannot be accomplished^ 
unless we are fiilly and intimately acquainted 
with all the various properties and characte- 
ristics of each mode. The want of proper 
data was felt, and it is with, a view of fiimidi«- 
ing these, that the present work was undcnr* 
taken ; which, by a concise and at the same 
time comprehensive description of the con- 
struction, uses, and advantages of Rail-roads, 
together with an elucidation of the various 
principles of their action, the reader might be 
enabled to make a comparison with other 
modes of internal communication, and thus 
form a judgment of their relative value. 

It is much to be regretted that a similar 
enquir)^ has not been made with respect to 
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canals ; the present state of commerce requires 
that goods should be conveyed from place to 
place with the utmost rapidity; and^ perhaps^ 
we owe no small portion of mercantile pros- 
perity to our facility of dispatch. The slow, 
tardy, and interrupted transit by canal navi- 
gation must, therefore, of necessity yield to 
other modes affording a more rapid means of 
conveyance, (especially when their relative 
economy is the same) unless they can be made 
to partake of the general activity, and addi- 
tional celerity given to the boats conveyed 
upon them. Experiments, to ascertain the 
amount of resistance, at different rates of speed, 
would be therefore highly valuable ; and, it is 
to be hoped, that such will be made on a prac- 
tical scale tipon some of the canals, to shew 
how far they are capable of affording a mor^ 
speedy transit. 
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CHAPTER II. 



HISTORY AND PROGRESS OF RAIL-ROADS. 

It is very difficult to trace the precise date^ 
tvhen Rail -ways were first introduced into' 
Great Britain. When the traffic consisted of 
various articles^ to be conveyed in numerous 
directiotis, the difficulty of forming a road 
suitable for &.1I parties^ and the expence of 
brahcihing it off to all the differdiit parts where 
the goods were to be carried, would operate to 
prevent the introduction 6f llail-rdads, as a 
species of general coriimunicaliori. 

The • more, probable supposition is, that 
the adoption of th^se artificial roads . first 
took pla:c:;e when the goods were of a certain 
descTiption, and had to be conveyed to one' 
place only; and tvhen the'' quantity also 
was' cotasiderable. Continually passing along' 
the same road, when perhaps the materials' 
for upholding and keeping it in repair were' 
expensive, might induce them to seiek out 
soirie remedy ; and, it is not unlikely, that the' 
laying down of timber, in the worst parts ol* 

c 
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the road, might tend to the introduction of 
wooden rails the whole distance. Such is the 
practice in Russia, and it appears to have been 
as ancient aa civilization in that country. 

At the coal-work;s in the neighbourhood of 
Newcastle-upon-Tyne, the expence of con- 
veying the coals from the pits to the places 
^ere they were to be shipped by sea, would 
be very great. Down to the year 1600, the 
only mode appears to have been by carts, on 
the ordinary roads ; and ip some instances by 
" panniers'* on horseback. A record in the 
books of one of the free companies in New- 
castle, dated 1602, states, " That from tyme 
out of mynd yt hath been accustomed that all 
cole-waynes did usually carry and bring eight 
bauUs of coles to all the staythes upon th^ 
ryver of Tyne, but of late seve^d hath brought 
only, OT scarce, seven bauUs.'* The cost of 
transporting such a heavy article as coal alon^ 
cpvtimon roads, ^hich may be supposed wcmld 
not be of the best description, in carts cc«i- 
taining seven or eight bolls, would operate 
very powerfuHy in accelerating tibe introduc- 
tion of some improvement in the mode of con- 
veyance, to lessen the expence. 

In a work published at Newcastle,, in t]be 
year 1649, by a Mr. Gray, called '' A Cho- 
rographia," a survey of Newcastle-upon-Tyne, 



OF RAlL-ROADi. BSl 

the following account of the Coal Trade iB 
given : ^^ Many thousand people are employed 
in this trade of coales ; many live by con- 
veying them in waggons and waines to the 
river Tyne/* &c. And in p. 31 of the same 
work^ he 9tate^^ '^ Some south gentlemen hath^ 
upon great losse of benefit, come into thi» 
country to hazard their monies in coale pit» 
Master Beaumont, a gentleman of gfeat inge-' 
nuity and rare parts, adventured into our 
mines with his £30,000, who brought with 
him many rare engines not known then in those 
parts^ as the art to boore with iron rodds, to 
try the deepnesse and thicknesse of the Coale ; 
rare engines^ to draw water out of the pits; 
wagons with one horse^ to carry down coale» 
from the pits to the staythes to the river^ &c. ; 
within a few years, he consumed all his^ 
monery, and rode home upon his light horse." 
C!onsidering that the carts employed in eour 
veying the coals were, in 1603, called ^' waynes^" 
and the carriages introduced by Master Beau-^ 
mont ^*^ waggons ;*' and also, that eter sinc^ 
that period, the carriage employed upon Rail- 
roads have been designated by that name ; yte 
may infer, that the "' waggon'' of Mr, Beaur^ 
mont was apl^ied upon a Hail-way, atnd that 
he was the first to introduce them into the 

northv 

■it 

6% 
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The date of the introduction of Rail-ways^ 
as a substitute for common roads, at Newcastle^ 
^ould then take place between the years 
1603 and 1649 ; probably a considerable time 
prior to the latter period, as we ' find Master 
Beaumont had at that time expended hi&r 
£30,000. ' 

Whether they wete used in any other part of 
the couAtry bef6re this tiiii^ or not, I have not 
had the means of ascertaining. ' 

In 1676, they are thus described: '*^the 
manner of the carriage is by laying rails of 
timber from the colliery to the river, exactly 
straight and parallel ; and bulky carts are made, 
with four rollers, fitting those' rails, whereby 
the carnage is so easy, that one horse will draw 
down four or five chaldron of cosds, and is an 
immerise benefit to the coal-merchants*.''* 

At that time, it is probable, the road iPv^ould'be 
of the' simplest construction, consisting of single 
rails, fastened upon transverse sleepers, stretched 
across the road. The following description is 
given of theln in Jaa's Voyages Metallurgiques, 
iti 1765 : (vol. I. p. 199.) '' when the road has 
b^en traced, at sii feet in breadth, and where 
"the declivities are fixed, an excavation is made 
of the breadth of the said road, more or les» 

c ^ . 

" *» III I ' ■ ■ ■■ II I I ■ I I.I.,. 1 . 

* Life of Lord Keeper North. 
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^eep, according as the levelling of the ground 
-requires. There are rffter>yards ; arranged, 
^ong the whole breadth of this excavation, 
|)ie€es ,of oak lyood,; of tihie thJickness of four, 
::five, six, and even eight inches square : 4h^e 
Are placed across, and at the:distance of jtwo^or 
-three feet from eac^ other;; thepe pieces, need 
tonly be squared at their extremities ; and upon 
4hese are fixed other pieces of wood, well 
squared and sawed,,of about six or seven inches 
J biteadth by five in depth, ^th pegs of wood ; 
-these^ pieces are placed on! each^ side of the 
^roadj along its whole length ; they are com- 
monly placed at four feet distance fi-om each 
jother, .which 'forms the interior breadth of the 

Pt^. If Plate 1. 11. represent a plan and elevation of this 
Isind of Railroad, which was' called the "jsingje-way;" 
a a, a a, are. the rails laid parallel to each other/upon the 
4sleepers or transverse bearings, b b b b ; the mode of fasten- 
ing them together was by means of pins or pegs of wood, 
shewn at c c; holes b^ing bored through the rail and sleepers, 
and the pins driven through the' rail and about half way 

' through the sleeper. The rails six feet long, and the sleepers 
about two feet apart. The ends of the rails meet upon the 
sleeper, a^ at c' c'> two pins being driven into the same;sleeper 
fajLtens theip down, a^d prevent them separating from each 

. pther. 

This kind of Rail-road was very imperfect, 
and had many dtsadyantages, though probably 
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at first made of greater strength than necessary 
to support the weight, yet, by frequent use, the 
rails would soon become reduced in depth by 
the action of the wheels, and would break long 
before they were worn through. It would thus 
be necessary that the rails should be oftea 
renewed, and as the road required to be always 
of the same width, the bearing section of the 
sleeper, by the frequent perforation of the holes 
to fksten the sleeper down, would soon be ren- 
dered useless. Though much superior to the 
common roads, in point of economy and fiici- 
lity, yet the frequent renewal of the rails aad 
sleeper would be attended with considerable 
expence, not only of time and labour, but also 
jin the cost of the material. 

The waste of timber thus occasioned, prin* 
eipally by the rail, when partly worn, being 
insufficient to support the w^ght of the car- 
riages, and being therefore thrown away, would 
no doubt produce many attempts to remedy 
the inconvenience ; and, it is not improbable 
but the addition of another rail upon the sur&ce 
of that which rested immediately on the sleeper, 
was the next improvement, thus forming what 
is called the '^ double-way." The upper rail, 
or that subjected to the action of the wheels of 
the carriages, could then be almost completely 
worn away, withoijit affecting, to a great dcf- 
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gree^ the strength of that which supported the 
weig^ht. 

Fig. IIL PUAe I. is a representation of this form of 
rail; ^ a are the rails fastened down upon the cross sleepers 
bbbby similar to those of the '< single-vay;" a' a' the 
rails laid upon the other, and firmly secured to them by 
wooden pins, in the same manner as the other rails are 
fastened to the sleepers. In the single-way, the joinings of 
the rails are necessarily upon a sleeper, as shewn at c'c'; 
but in the double-way it is not so, for being fastened down 
upon the surface of the under rail, which in every part pre- 
sents a proper bearing, they can be secured any where upon 
it ; d' C shews the joinings of the upper rail, which is 
midway between the sleepers, but which can be varied at 
pleasure. This prevents the under rail from being destroyed 
by the frequent perforation of the pin-holes in receiving the 
upper or wearing rail, and saves the waste of timber thus 
occasioned by use of the single-way. 

The keepers in this description of road were 
generally .formed of youtig saplings or strong 
branches of the oak^ obtained by thinning the 
plantations^ and were six feet long by five or 
six inches in thickness^ and about the same 
breadth. At their first introduction^ the under 
rail was of oak^ and afterwards of fir^ mostly six 
feet long^ reaching across three sleep^^, each 
two feet apart^ and about five inches broad on 
the surfisLce^ by four or five inches in depth. 
The upper rail was of the same dimensions^ 
and almost always made of beech or plane- 
tree. 
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The surface of the ground being formed 
pretty even, for about six feet in width, from 
the pits to tl^e staiths, or the whole length of 
the intended Rail-road, or '' waggon-way,'* 
as it was termed, the sleepers were then laid 
down two feet distant, and the under rail pro- 
perly secured to them. The ashes, a m$tt^nal 
forming the surface of the ground, were theji 
J^eat . firmly against the under surface of the 
rail, which was thus strengthened and made 
more rigid. The upper rail was then placed 
upon the other, ^.nd fjrmly bound down by the 
pins or pegs of wood. / . 

This combination had many very obvious 
advant^es over the single rail, for, independent 
,of the lyas^e of timber before described, the 
destruction of the sleepers in the single rail by 
the feet of the draught^horses was considerable; 
The double rail, by increasing the height of 
the sur&ce whereon the carriages travelled^ 
ollowed the inside of the road to be filled up 
with ashes or stone to the under side of the 
upper rail, and consequently above the level of 
the sleepers, which thus secured theim irom the 
action of the feet of the horses. * 

. This description pf Rail-road appears to 
have continued in use for a considerable peridd, 
and was extensively used at the collieries of 
Northumberland and Durham,, and also in other 
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districts of Great Britain . The yielding nature 
of the material^ especially when satur3,ted 
with wet^ would create very considerably re- 
sistance to the wheels, which; by sinking into 
and compressing the rails^ would always form 
a rising surface, and thus impede the progres- 
sive motion of the carriages; still a horse was 
.enabled to convey a greater weight along, a 
.Rail-road of this kind than upon a common 
jroad. At that time, we find eight bolls of coals 
(jequal to I7cwt.) was the regular load for a 
.horse with a cart or wain, ' upon the common 
foads; while, upon the Rail-road, the general 
load for one horse was nmeteen bolls, or about 
42cwt. 

. -The -formation of the .Rail-road would cer- 
^ihly ^ be attended with considerable ^ expence ; 
^but the advantages derived from the incfeased 
Joad, would soon compensate for this, and also 
for an increase' of- expence in keeping up the 
rails. In general, the collieries were situated at 
a much^ higher Jevel than. the depdt or places 
to which the coals were to be conveyed ; conse- 
quently, the Rail-roads would mostly descend 
in the direction of the load :—;except levelling 
down abrupt, undulations, little care was taken 
to majce the road with an uniform descent. For 
many years after the introduction of the wooden 
Rail- way, waggons containing nineteen bolls. 
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<»* about 4@ cwt. wais the universal load attaiihed 
to a horse^ and the road was levelled accord- 
ingly^ the only desideratum being to enable a 
horse to convey that quatitity. 

In some parts of the road^ wh^e occasional 
acclivities occurred which could not be levelled, 
or where sudden windings of the road were 
obliged to be made^ thin plates of wrought iron 
were laid upon? the sur&ce of the Rails^ and 
fiBistened down with common nails^ to diminish 
the resistance opposed to the wheels^ and equa* 
lize the draught of the horse, This^ no doubt, 
would be found a great improvemefnt^ not only 
in diminishing the friction^ but also in pre- 
venting the Rails from wearing. Yet I do 
not find the use of them^much extended 
beyond the above-named instances; probar 
bly^ from the difficulty of keeping the plates 
&st upon the Rails^ as the nalls^ by the 
elasticity of the wood^ would be constantly 
working . loose^ and occasioning a continuid 
expence in keeping them right. Upon the 
whole, however^ the use of such plates would, 
in many cases^ be attended with considerable 
benefit^ and mighty had they not been supers 
seded by the introduction of a different kind 
of road^ have been much improved. 

About this period^ in all the extensive mining 
districts^ we find canals the duly system of intenial 
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^communication for general traffic : andthese^by 
the inde&tigable and enteiprising genius of 
Brindley^ dsskited by other eminent engineers^ 
being carried into every quarter of the island. 
Rail-ways were Ibus confined to a very limited 
and subordinate sphere of action — to short 
distances^ or over uneven or highly«-inclined 
gfound^ where the number of locks precluded 
Ae use of canals. The attention of all scien^ 
tific men being thus absorbed in another 
species of conveyance — ^the Subject of Rail-ways 
would be Iktle attended to^ and this^ periiaps;, 
will account for the slow progress made in the 
improvement of them^ compared with that of 
the other mode of conveyailce — accordingly, 
we find a long period intervene aftfer the 
introductibn of wooden Rail -ways, bevond^ the 
application of any other material. H^ 

The diminution of friction, by the plates of 
malleable iron, upon the wooden^ rails, is very 
likely to have suggested the propriety of using 
that material entirely ; but I cannot find that 
wrought-iron was any where used alone until 
within a very recent period. 

The next improvement^ in the order of time, 
and also of importance, appears to have been 
the use of cast-iron, as a substitute for the 
wooden rails; and, like the introduction of 
Rail-ways, though comparatively of a very 
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modem date^. the precis period of their fir^ 
jadoption is iuyolved ia mystery. - 

A late anonymous author says^ without ad- 
vancing his authority ^ '' that^in ITSS, cast-iron 
rails were first substituted for wooden ones ; 
.but, : owing to the old waggons continuing to 
b^, employed^ .which werie.of too much weigbt 
ifor the,cast-ir:oi/.they 4id not completely suc- 
ceed in the first attempt. . However, about 
1768, a sinq)le contrivance was ^ttempted^ 
,which WAS to make a jiumb^ of smaller 
waggons, and link them together, and by thus 
diffusing the weight of one large waggon into 
many, the principal cause of th^ failure in the 
first instance was removed, because the weight 
was morie divided upon the iron.v ; (Trans. 
Highla,nd Society, vol. VI. p. 7.) ; It is some- 
what singular^ when the failure of the attempt 
to introduce cast-iron arose firom the want of 
strength in : the rails^ that it should require 
thirty . years V to discover that, with a lighter 
load, they could be made to answer. 

Mr. R.: Stephenson, whose enquiries into 
Rail-road conveyance have been pretty exten- 
sive, states, ^^ I some years since visited the 
great iron- works of Colebrook-dale, in Shrop- 
shire,' where cast-iron, was indisputably first 
applied to the construction of bridges, and, 
according to the information which I have been 
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able to obtain/it was here also that Rail- ways 
of that material were first constructed. It 
appears; from the books of this extensive and 
long-established Company^ that between five 
and six tons of rails were cast on the 13tb of 
November, 1767, as an experiment, on the 
saggestion of Mr. Reynolds, one of the part- 
ners.*' V 

I think there is every reason to believe that 
the latter is the' more pifobable term of the fiirst 
introduction of cast-iron rails^ In the first 
place, iron wheels were not used until about 
1753, and at that time only very partially; 
it was not until several years after; that they 
came into general use — so long, therefore,'^ as 
wooden 'wheels were made use of, we may ^sup- 
pdse cast-iron rails had not been invented: t 

Mr. Carr, in his Coal Viewer and Engine 
Builder, published in 1797, says, *^^ the making 
and use of iron Rail-roads were the first of my 
inventions, and were introduced at the Sheffield 
colliery, about twerity-bhe'' years ago!-' This 
Would make the date of their introduction about 
1776, which is subsequent to that of Colebrook- 
dale. 

Fig, IV. Plate L . Represents the form of Mr. Carr's 
castpirpn rails, which were used under-ground at the Duke 
of Norfolk's colliery, near Sheffield ; a a a a, are the rails, 
which were six feet long'^ and in the form as shewn m Fig. 
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y. ; near eiich end of the rail small boles were east, tlirbagd 
which a pail Was driren into the sleepers^ which was of the 
same description as those of the wooden rails. Fig. IL, and 
shewn by the dotted lines in Fig. IV. ; at the joinings of 
the rail at c c cc, they were merely laid against each other 
at the ends, and nailed down to the sleeper, the intermediate 
sleepers having only one nailing; Fig.V, shews a section of 
this form of rail; ab, the horizontal bearing in which the 
wheel travelled; and b c, the upright ledge or projection to 
prevent the wheels from running off the road. 

Various forms of this rail^ which is called 
the ^^ Plate Rail/' appear to have be^i used 
with either wooden sleepers stretched across the 
whole breadth, of the Rail-road^ or short square 
wooden sleepers^as shewn in Fig*. I V.^ on w|uch 
the rails were nailed. In the year 1800^ we 
are told that Mr. Benjamin Outram^ an en^^ 
neer^ in adopting this rail on the public Rail- 
way at Little Eton^ in Derbyshire, introduced 
stone props instead of timber, for supporting 
the ends and joinings of the rails. 

Mr. Outram, however, was not the first who 
made use of stone supports, as the late Mr. 
Barns employed them in forming the first 
iron Rail-road which was laid down in the 
neighbourhood of Newcastle-upon-Tyne, viz. 
from Lawson main colliery to the river, in 1797. 

This kind of rail has undergone many 
alterations in form since it first came into use. 

Fig. VI. Plate I. is a g^und plan; Fig. VH, a i|i4e 
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view; and Fig. VIII. a section of the most ianproTed fomi 
of this kind of rail;~<cc ec are the raili, four feet loof, 
placed upon stone supports, about a foot square, and eight 
inches deep, as shewn in Figs^ VI. and VIL; at the enda 
of each rail, when they are laid against each other on the 
stone support, a small square piece is cut or left out in 
casting the metal, increasing in size upwards, so that, when 
the two ends are laid together, these two lioles fonn a tort 
of square hole through the ends of the rail, narrowing 
downwards; a perfectly level and horizontal groove is then 
made on the top of the stone, and the rail imbedded in it ; 
a hole, corresponding with the square hole of the rails, is 
drilled into the stone, about half the depth ; an iron pin ia 
then driven into the stone through the hole in the rails, which 
having a bevilled head fastens them down to the stonCji 
one half of the pin securing one rail, and the other half the 
adjoining rail, as shewn in the drawing; these pails are 
generally from three to four feet long. '^-■•••^ 

Fig. VIII. is a section of the rail; a d, the bottom or 
wheel-track, about four inches wide and an inch thicks which 
is made quite level ; d e, the flange or upright ledge to keep 
the wheel upon the part a d of the rail, and a fa, the flange 
projecting downwards to strengthen the rail; the upright 
flange is the same height throughout the whole length of 
the rail, as shewn in Fig> VII. being no higher than is 
necessary to secure the wheel upon the proper track, and 
which of course requires no greater depth in one part than 
another, and the height adding to Uie friction of the carriage-* 
wheels, it will necessarily be made as low aa possible; hence 
we find it never exceeding three inches. This restriction in 
the height of the upright edge limits the form of the section, 
and renders it not that of the greatest strength ; the resist* 
ance to fracture bring as the breadth and square of the depth, 
the horizontal i^rt ad of the rail, while it adds to the cost, 
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does not in the same degiiee add to the strength ; the upright 
section d i, being the only part in that position which 
prcisents the strongest form of section; this, however, as 
prcytottsly 'stated, being limited in height^OT downright pro- 
jection, has been cast upon the opposite side of the.Dttoyin^ 
section of the rail, shewn by af, Fig. VIII. and a fa. Fig. 
VII., the form of this, as shewn in the latter figure, is such 
as to secure equal strength in every pait of the rail, being 
deeper in the iniddle; f, and tapering away in a parabolic or 
semi-eHiptic form, in both directions, to the ends of the rail.' 

. This form of rail, with very trifling modifi- 
eatibns, constitutes the most modem plate rail ; 
until very lately they were universally made of 
<iast-irbn ; but, about a year ago, some were 
formed of wrought-iron ; the latter have as yet, 
however, been very partially used. 

Soon aftier the introduction of cast-Iron rails, 
a form of rail, called the " Edge Rail,'' was 
brought into use. Mr. W. Jessop, in 1789, 
formed the public Rail -road at Loughborotigh 
with this kind of rail ; the upper surface of 
which was of an elliptical figure, with flanges 
i^pon the wheels to guide them upon the tracts 
of thcj road. ' 

In the wooden Rail-ways, the upper rails 
were convex on the surface, and upon one side 
of the periphery of the wheels a flange project- 
ed downwards about an inch, which served 
to keep the wheels upon the rail; when the 
plale-rail was introduced, the form of the peri^* 
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phery of the wheel would be altered, being 
made quite flat and of less breadth; and, 
the rim of wheel, for the edge-rail, was again 
brought back to the same form as that for the 
wooden Rail-road. 

Fig. IX. Plate I. Represents an elevation or side-view 
bf the edge-rail, as mostly used in late years, which consists 
of a bar of cast-iron, from three to four feet long, and about 
one-half or three-quarters of an inch thick, swelling out at 
the upper part to two or two inches and half broad, for the 
wheel to run upon, and placed upright, within a sort of chair, 
upon the stem supports. These rails, when first used, wer« 
not secured upon the stone or .wooden sleeper by a separate 
chair or pedestal, but had a flat bearing projecting outwards, 
on each side, at the end of the rail, through which were 
square holes for the pins or nails to pass, that fastened them 
to the sleepers. 

It is evident that this form of rail combines 
the greatest strength with the least expenditure 
of material ; for, being placed upright, they 
present the greatest depth in the direction of 
the stress or strain upon them . The form first 
used was nearly a parallelogram. Fig, 111. Plate 
II. will show a section of those at present used, 
the breadth of the upper surface, a, is about two 
inches and a half; after keeping this breadth a 
little way down, as shewn in the drawing, they 
gradually diminished to three-quarters, tapering 
down to half an inch, near the bottom at c; this 
was the section of them for a long period, but 
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they are now made again to sweH out at the 
lowest extremity, as shewn at c, b. The late- 
ral thickness of the rail is generally the same 
throughout the whole length , The depth, as 
shewn in the drawing, is varied according to 
the distance from the supports; and of tliat 
form which is intended to present the same 
strength^ wherever the wheels of the carriage 
inay be placed upon them. 

The form of the chairs will be readily un- 
derstood, onreferring to the drawings ; they are 
fixed in a sort of bed, on the top of the stone, 
by wooden pins ; the base, on which the rail 
jejsts, being quite flat and horizontal, two up- 
right ledges are cs^t perpendicular to the base 
of the chair, forming a sort of parallel cavity, 
ir^to which: the ends of the riiils are laid ; holes 
are made neax the end of the rails, corre- 
spqipding : to siinilab holes cast in the chairs, 
through which pins are driven. These fasten 
th^mto^ach other; and prevent the ends of the 
rails from.st4irting oiit of their places, when 
the ; j^arriages come upon them ; and the sides 
or.^heaHs of the chair prevent them from 
rnoving laterally or sideways; 

Fi^. VIT. Plate 11. Shews the mode of joining on a large 
scale. . ; ' 

, When the surface of the ground is made 
level, the stone supports properly lai down. 
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ahd the rails fastened neatly together, they 
will, with the exception of the joinings, at 
intervals of every three or four feet, accord- 
ing to the length of the rails, which will, 
if the road be laid down with tolerable 
accufacy, and the end^ of the rails squared, 
be scarcely visible, form a continued uniform 
line. The carriage- wheels, in rolling along 
such, can meet with little obstruction, and 
the friction or resistance upon such a road is 
comparatively trifling. 

The base of the stone should be formed, 
quite parallel with the bed of the chair, and 
consequently square with the line of the rails : 
the chair should also be placed exactly in 
the centre of the stone. The surface of the 
ground, wherever the stone rests, should be 
made firm arid hard, to secure the parallelism of 
the base of the stone with the line of the rails ; 
otherwise, when the weight comes upon them, 
the parallelism of the rails will be soon destroyed . 

I have before stated, that the rails are fas- 
tened to the chair, and also kept at the proper 
distance from each other, by two pins passing 
through the chair, and through holes near the 
ends of the rail. In the chairs these holes 
are situated in a line or parallel with the 
base of the chair on which the rail rests. In 
the rails they are at equal . distances from 

d3 
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the top^ or bearing surface ; the rails, therefore, 
either rest upon the flat base of the chair/ or 
upon the pins. When the pins do not fill the 
holes, the rails will of course rest upon the 
chair; buty if the pins are driven tightly 
through the holes of the rails, they will ne- 
cessarily be supported by the pins ; and, in 
either case, the parallelism of the surfece of the 
rails will depend upon the parallelism of the 
base of the chair with the line of the road. 

If the surface of the ground on which the 
stone rests be not of the same degree of firm- 
ness throughout, or the chair be not placed 
precisely in the centre of, and parallel with, 
the bearing section of the stone, the weight 
of the carriages passing along the rail will 
displace the stones, by moving them from their 
parallelism with the line of the road, and 
throwing them down on one side into the posi- 
tion represented at c c. Fig. IX. Plate I. This 
necessarily depresses one side of the base of 
the chair, and also one of the pins, below the 
other, and consequently depresses the end of 
that rail fastened to it below the line of the 
other, as shewn aid! d!. And this derangement 
of the rails will take place whenever the line 
qf the base of thfe stone does not correspond 
with the line of the road ; and will be in pro- 
portion lothe apgl^ the one forms with the other,. 
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When the nature of the ground on which the 
stones rest is considered, as also the difficulty of 
always compelling the workman to bed the 
chair precisely in the centre and parallel with 
the base of the stone, and of obtaining stones 
of the proper form, it will not be wondered that 
such a derangement frequently takes place ; 
accordingly, .we find in practice, tl^at it is ex- 
tremely difficult to keep the jrails in. proper 
order, from the liability of the stones thus to 
fall down, and depress the one end of the rail 
considerably below that of the other, and in 
sonie cases so much so as to form a rising 
surface of considerable height, like that repre- 
sented in the drawing ; which i3 by no means 
a magnified representation of the derangement 
which often occurs. 

The evil arising froui such projections need 
scarcely be stated ; the shocks to the carriage- 
wheels, the obstruction to the moving power, 
and the injury to the carriages and the rails 
themselves, must be so very apparent, as to 
need no illustration ; and the necessity of reme- 
dying such a defect so very obvious, as to strike 
every one at all conversant with the subject iij. 
l^e most forcible manner. 

Various plans of chairs and of rails have 
been devised, by different persons, to obviate 
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this imperfection^ and, in 1816, a patent vras 
obtained for a form of rail and chair/ hy Wm. 
LosH, Esq. of Walton, and ^v. Geq^g^ Ste- 
phenson^ of Killingwoyth, which appeiy^ to be 
the best form in use at present, and to obviate:, 
in a great degree, the evil arising from such a 
defect. 

Fig. I. Plate II. Is a side-view of their pateot rail; 
shewing tke rails a aaa connected with each other, fixed 
iQ chairs, and plaped upon stone supports, similar to those 
for Uie other rails ; the joinings of the raiU with each other 
are accomplished by means of what is denominated a, hal^ 
lap, shewn at eeev^ Fig, II. the side p{ the rs^Js b^ng 
bevelled away near the ends for about two inches and half ;^ 
so that, when the two bevelled ends are laid against each 
othjer, they only form the same breadth of surface as the 
top of the rail in other. parts; one pin-hole therefore passe<^ 
through the two ends, and a single hole being inade in^tliQ 
chair, a stro^ag iron j)in.is driy^en. through t}>e whol^, which 
keeps the ends of the rails from separating; d d d d d^^ 
Fig. II. show a plan of the chairs, and B, Fig. Vlt; a side- 
view on a larger scale ; the half-lap extends the length of 
the chair 1-2, ^, shows the pin-^hole, which passes through 
both rails; the b^eof the ch^ir on which the rail rests, is 
shewn by the dotted line A, the bearing or under suifaxu^ of 
the rail being quite straight and parallel with the top of the 
rail. The patentees state, *^ our objects are, first, to fix both 
the ends of the rails, or separate pieces of which the ways are 
formed, immoveable, in or upon the chairs or props by which 
they are supported. Secondly, to place them in such a 
manner that the end of any one rail shall not project above^ 
or fall belowy the correspondent end of that with which it is 
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ini.'caQtkct, or wkh which it is joined. Thirdly, to fontf the ^ 
joimDg;s of the rail with the pedestal's or props wKcli sup- 
port them, in such a manner, that if these props should Taty 
from their perpendicular position in the line of the way, 
(which in other Rail -wa^s is often the case) the joinings, of 
the rail with each other would remaiti as before such varia- 
tiot), and so that the rails should be^tr upofi the props' as 
firmly as before. And the rails being' applied' to ^acli 
oilier by lyhat is called a half-lap, and the pin or bolt of- 
which fixes them to each other, and to the chair in which 
they are inserted, is made to fit exactly a hole which is 
drilled through the chair, and both ends of the rails, at such • 
alieight as to allow both "eiids of the* rail to bear on th^ 
chair; ahd the bearance being the apex of at biirve, they 
bear at the same point. Thud 'the end of oiie Yail canW 
rise above that of the adjoining one; for, although the chair, 
may move on the pin in the direction of the line of the road, 
yet the rails will still rest upon the curved surface of the 
bearing without moving." ' 

This plan of joiiring the rails is evidently a 
great improvement over the common mode 
and has been almost universally adopted on dll 
new lines of road ; the blows and shocks to whicJi 
the carriage-wheels were exposed in the othef^ 
has been almost entirely exterminated in this 
plan; and the benefit is not confined to the 
carriages alone, for the reaction of those shocks .. 
were often liable to break the rails in return . 
The difference is very sensible in passing, ialong 
the two kinds of rails in carriages ; on the orie 
you travel smoothly along, with scarcely the.> 
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least tFfimor of the carriage ; but immediately 
that you come upon the other^ a continuance of 
jolts and shakes is felt^ as the carriage-wheels 
successively paSs over each joint. The injury 
caused to the carnages^ though not immediately 
felt^ yet, by frequent repetition, must eventually 
tend to shake them in pieces ; the wear of the 
wheels of the carriages also, by the blows, will 
be considerable. 

Nothing, however, is of greater importance, 
in estimating the benefits obtained by this mode 
of fixing i:he rails, than the dimipution of the 
resistanceopposed to the wheels of the carriages. 
Many practical examples could be adduced 
where the difference has been found to be very 
great indeed ; the projections acting as succes- 
sive obstacles to retard the progressive motion 
of the wheels, and which were to be surmounted 
at every joining. 

Various modifications of this mode of fixing 
the rails have been attempted ; to describe the 
whole of them would be impossible. 

C aod D, Fig. VII. Plate II. Shew two which are worth 
notice. Id the first, the epds of the rails are square, similar 
to the old rails; at each end a semicircular indentation is 
made, equal iii diameter to the pin-hole in the chair; when 
the'ends of the two rails are laid .together, a circular hole 
is formed, through which the pin is driven, passing through 
the chair on each side of the rail ; the pin has no effect in 
fastening them together in the direction of their length; but 
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as wheu they are laid down they cannot separate in that 
direction, the pin will prevent their rising up, being the only 
way, in which they have a tendency to separate. D repre- 
sents a mode of preventing the rails from rising up without a 
pin; the ends of the rails are cast in the form shewn by the 
dotted lines, one end having a convex projection, which fits 
into a concave indentation cast in the end of the adjoining 
r^iji; and the sides or cheeks of the chair keeping the ends 
always opposite each other, the projecting piece keeps the 
ends of the rails in the same place. . 

In all the chairs of these forms which I have 
seen/ the base whereon the rails rested were 
flat. If the first rested or hung upon the pin 
only^ the stone might then be depressed con- 
siderably, without materially affecting the 
joining, the stone turning upon the pin as a 
pivot or centre; but if the, rails. rest upon the 
flat base of the chair^ this cannot take place : 
without subjecting the pin to a considerable 
strain^ and causing it to work itself loose. 

Something of this takes place, though not to 
so great an extent^ in the Patent mode of Messrs. . 
LosH and Stephenson, for if the , pin fill the : 
hoje tlirough the end of the rails and chain^ 
the. stone can only move upon the pin as a -: 
centre. . If the rail then rest upon. the apex of 
the curve^and the stone.becomes depressed on* 
one side, the apex bearing of the chair is not , 
at liberty to move round . the pin as a centre, 
being preiyented by the flat surface of the under 
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side of the rail^ forming a tangent to the arc 
it would describe; the pin, in such Cases/ 
must therefore yield to the action of the 
weight ; and, consequently, * have a tendency 
similar to the rail above described ; this, how- 
ever, is the only imperfection it has, for the 
Qverlap effectually prevents the distortion of 
the joinings of the rails ; V^hereas, in the other 
modes, the ends are liable to rise and get out 
of the satne plaiiie* 

EJffectiiaUy to* preserve the c6ntinuity of flie 
rail wilb' ease and freedom, the stone should 
be eapabie of moving round, or assuming any 
degree of inclination, to the line of the road 
thati might occur in practice, 'without straining 
either the pin or distorting the ends ' of the 
rails : to effect this, if the piri be made the 
centre of motion, the under side of the rail 
should be a portion of the circumference of a 
circle, formed frbmi the pin as a centre ; — the 
base of the chair could then be either the apex 
of a curve, or a circular cavity corresponding 
with the exterior semi-circular surface of the 
raih The stone might then be depressed on 
either side, without straining the' pin or 
deranging the joints ; or we might other>vise 
make the bearance of the rail upon the chair 
;Or pedestal the centre of motion ; in such caise, 
the pin-hole should be a circular slit or open- 
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iug^ formed from the bearing upon the chaia 
as a centre. The pin being made exactly to 
fit this cavity in a perpendicular direction^ 
would prevent the rails from starting upwards 
out of their proper position^ and the semi- 
circular form would allow it to run longi- 
tudinally — when the stone then became de- 
pressed towards one side^ the chair could 
move round without injuring the pin^ or 
deranging the joints of the rails.— The form 
of chair d. Fig. YII.^ if the bearanee had been* 
upon a point instead of a flat surfiice^ nearly 
piurtakes of these properties without a ^jhu^ for 
then the chair would move upon such point 
withput aflfecting the joinings of the rails; butj. 
in that case^ the ends of the rails should, form 
an over-lap > QV, if the rails rested upon the top 
of the cluiir^ and the^topwas of a circular form,- 
described from the middle of the chair as a 
centre^ the bearanee of the rmL on the middle 
of the chair being the apex of a curve^ thc' 
same efieqt would take place. ^ 

Innumerable forms of joinings might b^ 
devised, every one of which might, in some 
measure, effect the puipose. intendeds The> 
essential consideration being to secure a con^ 
tinned and permanent parallelism in the rails> 
under every derangement that may take plat^e 
of the supports on which they rest, it is no* 
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enough that the bearing be such, that the rails are 
all in the same plane when the stones on \vhich 
they rest are in good order, or in their proper 
position j parallel with the line of the road : the 
parallelism of the rails should be preserved, 
when, by the yielding of the ground, or from 
any other cause, the stones are displaced from 
their proper position^ and they are made to 
form a considerable angle with the line of the 
road. It would not have been necessary to 
have been thus difiuse on this point, had I ' 
not found that several, even of the mpst modem 
forms of chair, were evidently formed contrary 
to this principle: — many^ with a view of 
causing the mode of joining to keep the sup- 
port or stone in its proper position, rather than 
afUowing it to adapt itself to the unavoidable 
yielding of the ground on which it rests, or 
parallel with the rail : but the least considera- 
tion will evince the ftitility of this, especially 
when the yielding of the ground causes the 
stone to rest entirely on one side; it will at' 
once be seen, that when the carriages come 
upon the rails, something must yield and ' 
give way, by the great strain thrown upon 
the fastening from the oblique action of the 
weight: 

About twenty years agog malleable ijron 
rails were tried at Wallbottle Colliery, near ' 
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Newcastle-upon-Tyne, by Mr. C. Nixon ; the 
rails were square bars, two feet in length; 
they were joined together by a half lap 
joint, with one pin, one end of the rail pro- 
jecting beyond the end of the adjoining one 
two or three inches. Their use was not at that 
time extended ; the narrowness of their surface 
cut the periphery of the wheels, and they were 
superseded by the cast-iron rails with abroader 
surface. 

Mr. R. Stephenson states, that maUeable iron 
rails were first introduced about the year lftl5> 
at Lord Carlisle's Coal -works, on Tindale 
Fell, Cumberland ; and, an above stated, they 
were used long before that period ; he must 
also have been misled as to their introduction 
at Tindale Fell, as, according to the state- 
ment of Mr. Thompson, the present agent,^ 
they were laid down on that Rail-road in 
1808. Since that period, they have been 
partially used in other places, biit not to any 
extent, until very recently. 

In October, 1820, Mr. John Birkinshaw,. 
of the Bedlington Iron-works, obtained a 
patent for an improvement in the form of mal- 
leable iron rails. The shape of the malleable 
iron rails previously used, were bars from two to 
three feet long, and one to two inches square ; 
but either the narrowness of the surfiice 



62 HISTORY AND PJlCHi^ESS 

produced such injury to the wheels, or by 
increp,sing their breadth the expenee became 
so gve^i, as to make their cost greater 
than cast-iron^ which consequently was pre- 
ferred. 

It was to remedy these defects inlhe malleable 
form, and at the .same time secure the same 
strength as the cast-iron, that Mr. Birkinshaw 
made his rails in the form of prisms, or similar 
in shape to the cast-iron. Fig. IV. Plate II. 
shows a. side- view of this kind of rail; Fig. V. 
a plan; and Fig. VI. a section of the same 
rail, cut through the middle l 

These rails * are foraied; by passing bars of 
iron, when red-hot, through rollers, with inden- 
tatiions or grooves in: their peripheries, corre- 
sponding to the intended shape of the rails ; the 
rails, thus. formed present the same surface to 
the bearing of the wheels, and their depths 
being regulated according to the distance from 
the ^ipointi of bearings they also present the 
strongest form of section with the least material. 
The mode of rolling these bars on rails, and 
giving, them the gradual swell towards the 
middle> not only in the horizontal section, but 
also . a lateral swell 1 ,2 commencing at each 
support, gradually increasing to the centre^ and 
then again tapering away towar4s the point of 
support^ are very injurious. They are gene- 
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ndly formed in lengths of twelve to fifteen feet, 
as represented in the drawing, and subdivided 
into bearing lengths of three feet each; but 
the patentee addsr, in his specification, ^^the 
respective rails may be tiniade of considerable 
lengthy (eighte^ feet I sh<Mild recommend) by 
which the inconvenience of numerous joints is 
reduced ; and, consequetitly, the shocks or jolts 
to which the carriages are subject from passing 
over the joints, (very much to the injury of the 
machinery) are also dimini^ed; And in order 
still further to remedy the evil arising from the 
joints of the rail-road, I propose to weld the 
ends of the bars together as they are laid down, 
so as to form a considerable length of iron rail 
in one piece/' 

The joinings of these rails, as shewn in Fig. 
V . are square at the ends, similar to the old 
rails; but I see no great difficulty in forming 
them with a half lap, and thus giving them the 
same superiority of joining as possessed by the 
improved cast-iron rails. 

These two kinds of rails, represented in the Figs. I. and 
IV. are the best at present in use, and each have theirs 
advocates. "Without attempting to decide upon the merits of 
each, I have, as the subject is jof considerable importance, 
e^E^tracted out of some published reports the opinion of 
some engineers, 'which may not be uninteresting to the 
reader. 
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Mr. Ghapman, in his report on the Newcastle 
and Carlisle communication^ states^ '^. the Rail- 
way may either be formed of cast-iron or mal- 
leable iron. The latter. may be somewhat less 
expensive, and has been found eligible in roUey- 
ways below ground, in which the weight on 
each wheel is not considerable ; but, above 
ground, with heavy waggons, their utility, , or 
rather their duration, is not likely t6 be. so 
great as rails of cast-iron of due strength, be- 
cause with heavy carriages, and case-hardened 
wheels (which are much in use except for 
locomotive engines, as it would diminish their 
adhesion to the way,) the following effect is 
produced from the softness of malleable iron, and 
the rails formed of it being drawn out between 
rollers, and consequently fibrous, viz.: — the 
great weight on these wheels, rolling on those' 
ways, expands their upper surface, and at length 
causes it to separate in thin laminse. The in- 
jury from oxydation is comparatively small/* * 
This report caused a reply from Mr. Long- 
ridge, one of the Proprietors of the Bedlington 
Iron-works, defending the utility of those rails, 
who produced a letter from Mr. Thompson, 
Lord Carlisle's agent at Tindale Fell, stating 



* Chapman's Report on the Communlcatiah between l^ew- 
castle and Carlisle. 



OF RAIL-ftOADS. 6S 

tliat the malleable iron rafls, which had been 
laid down there for sixteen years, had no ap- 
pearance of lamination. '^ The whole of the. 
wrought-iron/' says he, ^^ which has been used 
from twelve to sixteen years, appears to be very 
little worse. The cast-iron is certainly much 
worse, and subject to considerable breakage, 
although the rails are about double the weight 
of the malleable iron rails. The wagons used 
to carry near a Newcastle chaldron, viz. 53 
cwt.*' — (Newcastle Courant, Dec. 18, I824.J 

Mr. H. Stevenson, Engineer of Edinburgh, 
states, regarding the description of materials to 
be used in the formation of rail-ways, ^^ I have 
no hesitation in giving a. decided preference to 
malleable iron, formed into bars of from twelve 
to twenty feet in length, with flat sides, and 
parallel edges, or in the simple state in which 
they commonly come from the rolling mills of 
the manufacturer.** — (Transactions Highland 
Society^ vol. 6, p. 139.^ 

Mr. G. Stephenson, of Newcastle, the paten- 
tee of the cast-iron improved rail, has allowed 
me to insert a copy of a report made by him 
on the subject. ^' The great object in the 
construction of a Rail-road is, that the materials 
shall be such a^ to allow the greatest quantity 
of work to be done at the least possible expen- 
diture ; and that the materials also be of the 

E 
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most durable nature. In my opinion^ Birki»- 
shaw's patent wrought-iron rail possesses those 
advantages in a higher degree than any other. 
It is evident that such rails can at present 
bq made cheaper than those that are cast^ as 
the former require to be only half the weight 
of the latter, to afford the same security to the 
carriages passing over them, while the pjice of 
the one material is by no means double that 
of the other. Wr ought-iron rails, of the same 
expence, admit of a greater variety in the 
performance of the work, and employment of 
the power upon them, . as the speed of the 
carriages may be increased to a very high 
velocity without any risk of breaking the rails ; 
their toughness .rendering them less liable to 
fracture from an impulsive force, or a sudden 
jerk. To have the same advantages in this 
respect, the cast-iron rails would require to be 
of enormous weight, increasing, of course, the 
original cost. 

'r From their construction, the malleable 
iron rails are much more easily kept in order. 
One bar is made long enough to extend over 
several blocks; hence there are fewer joints or 
joinings, and the blocks and pedestals assist in 
keeping each other in their proper places. ^ 

"' On this account, also, carriages will pass 
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nlong such rails more smoothly than they can 
do on those that are of cast-iron. 
,' -'^The malleable iron rails are more constant 
and' regular in their decay, by the contact and 
pressure of the wheel ; but they will, on the 
whole, last longer than cast-iron rails. It has 
been said by some engineers, that the wrought- 
iron exfoliates, or separates, in their laminse, 
on that part which is exposed to the pressure 
of the wheel. This I pointedly deny, as I have 
closely examined rails which have been in use 
for many years, with a heavy tonnage passing 
along them, and on no part are siich exfolia- 
tions to' be seen. Pressure alone will be more 

•destructive to the cohesive texture of cast- 
iron than to that of wrought-iron. The true 

; elasticity of: cast-iron is greater than that of 
malleable iron, i, e. the former can, by a 

: distending power, be drawn through a greater 
space, without permanent alteration, of the 
form; but it admits of very little change of 
form without producing total fracture. Malle- 
able iron, however, is susceptible of a very 
great change of form, without diminution of its 
cohesive power; the difference is yet more 
remarkable, when the two substances are 
exposed to pressure, for a force which, in 

, consequence of its crystalline texture^ would 
crumble down the cast-iron, would merely e^^tend 

b2 
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or fli^tten the btjier^ and thus increase its power 
to resist the pressure. We may say^ Hhen, tfadt 
the property of beiiig extensible^ or malTSable^ 
destroys the {Possibility of exfoliation as long 
as the substance remains Unchanged by chemical 
agency. A remarkable difference, *as to uni- 
formity of condition or texture ifa the two 
bodies, produces a corresponding ^nt of 
uniformity in the effects of flie rubbing or 
friciidn of the i^lieel. All the -particle^ of 
malleable iron, whether internal or superficial, 
resist separation from the adjoining particles 
with nearly equal forces. Oist-iron, however, 
as is the c5ase with other bodies cif isimilar 
formation, is both harder and tbugher in 'the 
exterior part of a bar, than it is in the interior. 
This, doubtless, arises froin the more roj^id 
cooling of tile exteribr. The consequence is, 
thiat when the upper surfece of a cdst-^iron rail 
is ground atway by the friction of the wheel, 
the decay becomes very rapid. 

*' ^he Effects of the atiiiosphere in the tWo 
caies are not so different as to *be of iriiidi 
mombnt . <)h no malleable iron Rail-way has 
cbryd^erent, or rusting, taken to any important 
^tent. 

^'I aiti ihclinM to think that this effect is 

' * prev^ented, on the bearing surfaces of much trsed 

Rail-Jiirays, by the pressure lipon them. To 
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Qf^qnt fpr thdr e^jtraprdinary frec^dom, from 
vif^\,^ it 13 ajmosjl^ necessary to suppose^ that some 
^imfoutipp tajkes place of the chemical affinity 
of the iron for the oxygen or carbonic acid. 
TV^ continijial s;noothness in which they are 
V:^pt^ by thjB contact of the wheels^ has the 
usiial effect of polish.^ in presenting to the 
des^trpj^g influence a| sma^Uer surface to ac^ 
upon. T^ixe black oxide^ or crusty ^hich always 
irema^s upon rolled iron^ ^.ppears to act as a 
^fe]^9^ ^gain^t the oxydizing; po^er of the 
fLtQy)3pb^e^ or water. This is the reason wh;]^ 
the rail doe? not rust on its sides." 

One phenomenon in the difference, in the 
ten^f^c^ to ri^st, betyireen vrpught-iron laid 
down s^ ^[ttil^^ ftnd subjected to continual motion 
by ^e pt^age pf th.e carriage py?^ them, and 
bars of the same material, either standing 
uprjig}it pjr laid dpwn, wit^iout being used at 

OU, is vpry extraordinary. 

^ ]Sai}-w^y b^r of wrou^ht-irpn, laid care- 
lessly vipon the ground, alongside pf one in the 
Rail-way in use, show the effects^ of rusting in 
a yery (iistif^ct manner. The latter will be 
cpntinpally |;hro^ing pff scales pf oxydated 
iron, while the fqri[ner is scarcely at all affected. 

The first cast-iron rails were by fiair too weak. 
Scarcely any of the ra^ils laid down twenty years 
agQ are in existence ; this is partly owing to 



■?•'; 
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the increased weight now carried upon the 
rails^ and also the mistaken policy in the saving 
by the lightness of rails^ and the cost compared 
with the wooden way. * 

It seems necessary that the rails should be 
made considerably stronger than merely to 
support the weight they have to carry. The 
blows they are subjected to, from the uneven- 
ness of the road, transferring the weight alter- 
nately from one side of the carriage to the 
other — and the side-shocks from projections 
upon, or on, the sides of the rails, all have a 
tendency to snap the rails in two, or bend the 
malleable iron. 

Upon public, or other Rail -roads, when the 
carriages move with great velocity, the breakage 
of the rails should be carefiiUy guarded against, 
as the most dangerous consequences might 
ensue, by such breaks setting the carriages off 
the road ; and the velocity with which the 
carriages travel, would render it difficult, per; 
haps, to stop them in time before an accident 
happened. 

Having thus described, and pointed out some 
of the properties of the different rails at present 
used, both of cast and malleable iron, it may be 
necessary to mention a plan of rail composed 
of both these kinds of iron. Mr. John Hawks, 
of Gateshead, in 1817, obtained a patent for a 
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rail, which he stated^ in his specification, '*^ to 
be a compound of malleable and cast-iron, so 
connected, as to be stronger than if made of 
either alone," and which consisted of a bar of 
malleable iron formed into the proper shape of 
the under part of the rail below, the flat part 
on which the carriage^ run ; the upper side of 
the malleable iron was then made rough and 
uneven, or dovetailed, and the cast-iron top 
run upon it in a state of fusion, thus forming 
the i^ail for about three quarters of an inch down 
of cast-iron, and the remainder of malleable 
iron. In all rails, or bars of iron, supported 
upon the ends, and loaded in the middle, the 
under part is in a state of tension, and the upper 
part subjected to compression. It is known 
that malleable iron resists tension with greater 
force than cast-iron, and, on the contrary, that 
cast-iron resists compression in a greater degree 
than malleable iron, by pressing the upper part 
of the rail, or that subjected to compression, 
of cast-iron, and the under part which is 
exposed to a state of tension of malleable iron . 
Mr. Hawks expected to secure greater strength 
in his combination, than if formed of either 
material separately, and also to present the 
hardest material to the wheels of the carriages . 
The great care required, in accomplishing a 
proper and firm joining of the two, rendered 
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the making of them v^ difficulty the wrought- 
iron requiring to be entirely free from the least 
damp^ otherwise the soundness of the cast-iron 
was injured ; this^ added to the circumstance of 
the malleable iron part being, made too weak,, 
and by yielding to the wei^t, caused the 
cast-iron to crack, and eventually work loose, 
prevented, I believe, the extension of their 
use, though, if properly manufactured, they 
might have become useful. 

Various other kinds of rails, both of cast aiid 
malleable iron, have been used ; but it would be 
swelling tlie work to, perhaps, an unnecessary 
size, to attempt the description of them. The 
two kinds figured in the drawings constitute 
those most extensively used in the Northum- 
berland and Durham Rail- ways, where certainly 
the experience of their utility has been very 
considerable, from their extensive use in the 
application to the conveyance of goods. 

It seems to me a matter of great astomeh- 
ment, that the plate-rails have yet many advo- 
cates; and what seems more unaccountable, 
is the mistaken notion of the friction being less 
upon them than upon the edge-rail. I should' 
have thought that the number of Rail-ways of 
both kinds now in existence, would have afforded 
sufficient opportunity of ascertaining this &ct> 
without having recourse to surmise or opinion. 



Sufficient prdt^f will be adduced ber0i^r> in 
the account of experiments on friction^ to show. 
tbe^ absurdity of retaining such a supposition^ 
whicb is also apparent from the natuiiQ of Hm^ 
action of the carriage^wheels upon the tym^ 
rails. Certainly, if the wh^elju^, ini tfeje plal^ 
rails be equf^ ift breadth- to/ Hm, mirfymi 9S tte 
i^ls in the other, and Ij^e. ^c^rmfir aiwa^ solfo 
along the xjaiilr with<Hit,n^bbin^ a^^^t the^idadi 
of; it^ more thsMi^ tl^: h^^ ef ^h^* wh^^ fuba 
against the ^ide.of th^ Q4gi!l'»Qilv tbfiMi ttie 
friction in tb^ t^. ca^es iiWJighti hue ei^^l ; fauil 
hecein lies the inji^^Jjwe, ^p< ml^ipg of tiw> 
wheels against the- plate -r^^ilfi . m ^onsidsr*^ 
^y greater than the uubbiii^ q| ihf^ whm]& 
^gain£^t the sidesof the edge-r^l^ Th^ kpighb 
afr the l^sdges o£ the< i^ails w Hf^ plaAt^riMi, im 
grealer t^sui the depA of ,the \^e iippii ^m 
whe^s in the edgf^^raU>: and eo^Sfe^V^ly- th^ 
frictioa by those proportions yf^ be in^ tb^ 
same proportion. The gen^i:^ b^bi of the 
ledgp of the flat rail i^ thirise it»chesb. and thai 
of the wheek of the otl^r 9ey en exceeding one 
inc^» and as the t^^ndeqi^y tp^ ruJ3.agaaisab the 
ledge i» the sanie i^.Qa«db> n^j, as wilb.be 
hereafter shewn^ gre^^ef jb tfee flub than iii 
the edge-rai}> th^ frictj^s. will th^sf£i»re be as 
df^, hei^ cl the lodged. This ia »tppoii^ng 
the rails equally &e^ from obstruction^ oc 



74 HISTORY AND PR06EESS 

extraneous matter, affecting the free rolling of 
the wheels upon them ; but any person will 
see that the form of the plate-rails necessarily* 
causes them to be more subject to the pressure 
of such obstruction than the edge-rail, the one 
forming a sort of receptacle for the dust, dirt, 
and other substances falling upon them ; while 
the other, from its narrow surface, and elevated 
position, tends to throw ofi^ any extraneous 
matter which may accidentally fall upon it. 
Mr. Palmer, in his description of a patent Rail- 
way, gives a very interesting experiment on the 
obstruction caused to the carriages by the dust 
upon the plate-rails, which I shall take the 
liberty of inserting: he states, ''I made. an 
experiment on a branch. of the Cheltenham 
team-road (which was nearly new and in good 
condition) with a view to ascertain the diffe- 
rence of resistance occasioned by dust lying 
upon the rails. The carriage and its load 
weighed 5264 lbs. ; the rails being swept clean, 
the resistance was thirty-six pounds; the rails 
being slightly covered with dust, the resistance 
was forty- three pounds. Consequently, the dif- 
ference of resistance to that weight was seven 
pounds, being upwards of one-fifth increase.*' 

The tendency of the edge-rail to form a rut 
or groove on the periphery of the wheels, and 
thus to increase the friction, was for a long 
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.period a motive for preferring the other ; and 
this wear was considerable at firsts owing to 
the narrow surface of the rails; afterwards, 
when the bearing of the rails was made 
greater, and now, since the introduction of 
case-hardened wheels, this objection is entirely 
removed. Certainly, when the wheels were 
indented, the increase of friction would almost 
amount to the difference between the two rails, 
and this might cause an uncertainty which of 
ihe two to be preferred. This having ceased, 
and the other reasons for preferring the edge- 
rail . still remaining goodf together with the 
saving of weight, by the more proper distribu- 
tion of the metal to resist the transverse strain 
of the carriages, renders it no longer a subject 
of dispute that the edge-rail is decidedly the 
best. 
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CHAPTER HI. 



OF iif^^S^QJ£& ADAFl^D. Tft RAIL;ROADS. 

If ^, yj^ ol^vious that th^ fo^ o^ tb^ c^-. 
ffl^g^ will ^Wf^d, in a ^xe^% Wfias^re>. ugpft 
tlp^; nfilure of tjtie gooda to; 1^^ conyey;^^ m 
ih^m; ^i^ny kMR of gopdfi i^i^qwaiBg a di& 
£^enjk sQrt i^f G^m^e. To. ^t^^aapt ta g^y^ 
plf^^ of ^e dj^ent i/opaas oj^ carriages tp 1^ 
1)^ u^^ ]^l-i^a.y^, wQi^ld be; aa emdjlies^ 
ta^ ; I Bh9^> t]|Qrefqre>^ <;i[»^fine^ ni^solf pri&r 
cij^y fo th^ de^eFip^pa ^ t^e wJ^eek and 
axles^ or other parts^ which the nature of* the 
road require should be always of the same 
form and construction. 

The carriages, or, as they were termed, 
" waggons,'* used in the first introduction of 
Rail-ways, were, and still remain, where em- 
ployed in conveying coals, the frustrum q^ h 
pyramid, or in the shape of a hopper ; beifig 
much broader and longer at the top than at 
the bottom : the Rail-roads almost t^niversally 
descending towards the dep8t, the fore-wheels 
were made of greater diameter than the hind- 
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^Meh, -aicorlfing to the angle ^f i\ie tbuA . 
the object bdttg to k€?ep the ^agg6ti to '^ 
horizontal pttsition; thte fdte'^ttd of the ^viftg- 
gon, rfesting Oh the latgie wheels, 1i^ ^iM> 
tnade to project cortsidei^bly filiraieir beytttid 
the perpendicular line of the a!xles of the-fbt* 
thain tiie hind-Vheels, so that the ciEhitire of 
gravity of the load %as not midway between 
the wheels, but much nearter ihe lai'g^ 'whi^^ 
than the smaller, and, Consquetitly, lliying % 
greater weight iipbn them thstn upon the latter. 
This form of the waggon has gradually glveh 
*way to wheels of the sattie siie/atid Ae^body 
6f the cartiiige squire, htid 'ptd.ftefl Equally 
lipon the two axles, as shown in Pig. Mf 11^ 
Plate IV / 

The wheels were, for *^ longrperiod^ made 
of wood, composed either of oike ? entire '^pieee, 
or of two or thifee 'pieces fastened togethter. 
The mode of making the latter was by j bliiilig 
the pieces together by wooden pins, and secur- 
ing tlM3m by flat 3lips of iron^ ' in the sh^pe of 
\an S, nailed up6n the line of tbe jbiningv v^E^e 
periphery of the wheels was hewn into %he 
proper shape, by the worktnen, with the axe, 
'with a projection on one side to keep them 
upon the rail. The axles were made, of 
wrought-iron, and fixed firmly into the centre 
' of the wheels, land, c<ditoeqiiently^ tum^ tipon 
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the bearing with the wheels. Prom the very 
probable inaccuracy of the workmanship, it is 
not likely the periphery of the wheels would be 
perfectly circular, which would cause a. sort of 
jolting or undulatory motion to the load, and 
thus increase the draught. 

To one side, or, in some instances, when 
steep declivities . were to be descended, to both 
sides of the waggon a brake or lever was 
attached, which was made to press upon the 
wheels of the carriage, and regulate the ve- 
locity. 

a, ^, Fig, VII. Plate IV. Is the brake or lever, which is 
called a " conyoy ;" it is fixed upon the bolt or pin d, pro- 
jecting from the frame of the carriage A B, -which serves as 
a fulcrum ; upon the brake at c c are attached two pieces 
of wood, which, when the end h of the lever is depressed, 

- • • • 

■acts against the wheels and checks their velocity. At first, 
\tfaese convoys did not extend beyond d, acting upon the 
hind- wheels only as a lever of the second kind; and when 
very steep declivities are to be passed there were two, one 
on each side, united together at the end 6 by a bar of wood 
or iron 'extending across that end of the waggon, thereby 
enabling one man to' ^ork them both: it was' a compara- 
tively modem improvement to ^ extend the lever beyond ef, 
. and thus embrace both wheels. 

The arm or lever of these convoys are either made of 
wood or of iron; [when of wood, pieces, of beech, c c,. 
called "breasts," are nailed on, which are renewed when 
worn away : when of iron, they are bolted, as shewn in the 
: drawing; the iron being flattened for that purpose. The end 
h it kept up by a hpok, when the convoy is not used,'t<> 
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prevent the parts c c from touching the wheels. In some 
cases, another lever is used, to give additional power to the 
man in pressing down the end h ; this is accomplished by 
fixing it with a chain upon the frame of the carriage, 
the chain acting as the fulcrum ; another chain, a little from 
this, reaches to the end 5, to which it is attached, so that 
by pressing down the end of the second lever, which is pro- 
^longed for some distance behind the end of the waggon, the 
required purpose is effected. 

It seems uncertain at what precise period 
cast-iron wheels were first introduced. In a dic- 
tionary of the • arts and sciences^ published in 
1 754, a drawing is given of a cast-iron wheel 

. used upon carriages to convey stones from a 
quarry near Bath, said to be '^ a great im- 
provenaent in some carriages and waggon- ways 
made use of at the coal-mines near Newcastle;" 
from whence we may suppose they had not been 

. used there at that period. . How long after this 

. they were adopted, I cannot learn; but, in 1765, 
two w^ooden and two . cast-iron wheels were 
mostly - in use, the wooden ones retained for the 
application of the brake or convoy. 

Great reluctance was shewn, even down to a 
very recent date, to relinquish the employment 

. of wooden wheels ; many objections were urged 
against the others, their liability to break, to 
cut the rails, their insufficiency to present an 
adequate hold to the brake. At first the cast- 
iron .wheels do not appear to have been pro- 
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petVf fofiiieid^ to avotd the coniractioii in cbol- 
ing, and they frequently broke in pieces ; in- 
creased knowledge of the properties of cast-iron^ 
-andiof the utility of those kind of wheels^ soon 
'ptodubefl a geneval acquiescence in their use . 

When caSt^roii rails came into use^ the wodd- 
en"Vlrhe€fls coiild no longer be us^d^ so thatihe 
introduction of the former would accelerate the 
^ffiStardltig «f the laCtter. 

The " cadt-ircm Wheds; now -foitoed for <h)B 
*pl4te^raftls,|generally of one eiilite piece, being 
thickelr Mn the ittiddle to retain the a»lei airid 
-isibbut two to three' inches broad ttn the Wm, ftiid 
ttitic^ thiithcr towards the middle, or nave, • 
-ntatay dfthet^miBiges/Ui^ed Up6n the plate-rails, 
hare ^wheels loose ^ upon 'the axles, the'lattter 
%eing feJthervfixed upon the carriage, or run- 
ning loose upon a bearing or chain. Many dif- 
feretat -forms of whefels iiire used, soiriie wilh 
^dkes, similar to ^the common cart-wheels, 
arid some solid, with holes cut in them to reduce 
4heir weight. The wheels for the edge*-i^l 
aire almost universally mstde tvith six or eight 
spokes, with a nave about seven inches broad, 
through which is a square hole to receive the 
-axle, and a rim of about four inches. 

Fig. VIII. Plate IL will give an idea of their. form; /is 
the nave, a the rim, with the projecting ledge 6,. called by 
the waggoners ** the crease,*' to keep the ^heel upon the rail. 



Tle» riM of t^ Wfreet i» moitly n^ide a 
liitte €011^^3 i^ati^ k«ereasing iii^ Saanieier 
towards 6 / this is for the purpose of Meeping* 
tbi^ wlK^Is fttcifn robing aglai^st the sid^s^ of 
ih^ «lfll irilft th^ ledge i/ flier incfealie hi diar- 
illet^^ #liM A^^ w&^el roHs neair tfteifmer side 
ctf^ Ihe rkift^ f^iid^ te ^ow" It oflT f6Mrards the 
6<li€^- side^ and consequeiyfly froni* l!Ii^ side of 
tife f^l. It i^' evidt^f tlittt tMs eMigM not to^ 
h&^a^ei t&& ht, odierwise ^le mdiUm of l3^e 
ciEmrmg^ w9i he v6fy ifi^egatafr/ amd' the radmei 
posiftiot!!^ o# ffie bearing would tend to pressrtfie 
riitt efoHWktd^^ aild-thtdw a sdrf of oblicjue sf rsadrn 
upon it. The height of the fe^e is generalfy 
a%oifrlr aif iiiebi aiid practice has shewn this to be 
sttficSffeKift-t^preverit the carriages' from nmning 



A reify feraiitMbte objectiort to the trse of 
iron- Vrtieefe was^ that the rails; espeeidly when 
tbe^^ swfffeees were narrow^ fended to form or 
rferib aii^ indenterf groove around each of their 
rims ; which groove, wfien of moderate depth, 
rtot only caused considerable friction, but was 
IfajSle- tcrbreaik the raik, by a side pi*essure. The 
ei%esr alsb^ of thfe top of the cast-iron suflered 
iMldi' by the action of the sides of the groove 
upion iSteai, aind frequently were broken off, on 
tkstkit'eFibr side, for the whole length of the rait. 
AHer €hi^, «htf brtSidth: of the surface' of the rails 

p 
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was increased, which remedied the evil to a 
certain extent ; but the expence of jrepairs was 
still considerable. 

A complete remedy for this was, however, 
effected a few years ago, in what is called 
" case-hardening" the rim of the wheeb. This 
is done by running the metal, which forms the 
exterior surface of the rim of the wheel, against , 
a cold cylindrical piece of iron ; the rapid 
abstraction of heat by the cold iron produces 
such a degree of hardness to the metal, that 
the file has no effect upon it, and this hardness 
effectually prevents the action of the rail froin 
wearing it into grooves. 

Previous to this, the cost of wheels Was a 
very seripus charge in the annual repair of the 
carriages ; but the wheels now, when properly ^ 
case-hardened, work for several years without 
wearing away. Several, which- have been, in 
use for eight years, are still in good order, and, 
from their appearance, are likely to remain so 
for a considerable time to come. 

The operation .of case-hardening was at. 
first attended with great difficulty. The/ ra- 
pidity with which the cold iron caused the rim . 
to cool, prevented the uniform contraction of 
the metal in all the parts, and made them fre- . 
quently fly in pieces. .The rim being first, 
cooled, did not; yield to the contraction of the^. 
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spokes in cooling : which, if it did not cause them 
to separate immediately, left such a tension 
upon them^ that the shocks they received when 
brought into use soon made them crack/ and 
thus rendered the wheel useless. Many plans 
were devised to remedy this ; in some, the rim 
was made considerably thicker than the spokes, 
in the expectation that the latter would cool 
sooner ;^ in others, the nave was formed in two 
partsy and afterwards secured with iron hoops. 
In Messrs. Losh and Stephenson's patent, to 
which we have before alluded, there is described 
a mode of forming the wheels with wrought- 
iron spokes, in such a way as to yield to the 
unequal contraction occasioned by the case- 
hardening of the wheels. 

Fig, VIII. Plate 11. Represents the form of their wheel: 
c c c c c c Qxe the arms, which are of flat malleable iron, 
dovetailed at the ends. The iron arms being laid in thci 
mouldy the cast-iron is run around them^ and thus forms 
one entire wheel. When the arms or spokes are joined to 
the nave and riin, the dovetailed form, by the contraction in 
the cooling, causes them to be drawn very firm, and produces 
a degree of combination* which prevents the possibility of 
their . working loose. The spokes were first made straight,. 
as shewn in the drawing, and were six in number, but 
experience has since shewn that a greater number are 
preferable ; and they are also now made of ^ serpentine 
fomr, like an S, as shewn in the wheels of the convoy 
carriage, PtoeV. 

F 2 
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tbf; ^e^s, a^ l^fprei statod^^ ba9 beea fiwodl 
tp H 9^ v^erg gjri^at utilitiy, roduicing tba -m^ 
«,Qd cQ&tto a.wnjjpacatiy^l^ trifling amomMr. 
Tbif^ ha^cdiiess certaiidy ceoders; tbem. i«lof9 
liable tq. cib^Ij; or break, by sufd4ea jeck^.; 
b^t this^ tjQi^dency, is pactly oxerconii^ by; tJi^ 
riin3 bein^ inade a, little thicker now tban for- 
inerl);: the n:^41^ble iron, ^okes aisM> tm^ ia 
a,ce^1mn degree^ tp obviate i this. ofaji^^tion. 

The asdes are i^iiytersalLy made o£ wrougjit- 
\X9^h, being sq^iare; ai the en4s> ta^ fit the square 
hple 0,. through the nave of the vrheeL Upoo^ 
Hf^ fraine; of the cairiage, i& fixed a. chain^ 
wJlich re^te uf^on th^ a^e^ the latter bei%* 
turned smooth, to reduce % friction^ asrmud]| 
as possible. Upon the side of this chain a pro- 
j^tion is castt, extending beyond the side of the 
fisune^of the canriage^. which projection^ by rub- 
bing against the fietoed flange, f, in the nave of 
Ifce wheel, prevents the carriage from coming in 
contact with it ; and^ being kept well greased 
or oiled,: reduces the friction, when,, by one side 
pf tbp road^ b^ing lower, thanr thi^ oth^r, tibe? 
body of the^ carriage is- thrown^ to one side: 
THiese chains have successively been' madb of 
wrbught-iron, brass, and cast-iron; the. latter 
r consider the most eligible, for reasons which. 
r shall hereafter assign. The size of the. 
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Hiclics v4tt necefsisanly (fepcfild "ttpoti ^tfife iSa- 
ittt^r «f fife M^feefe, ftufd %he wcighl thfey lifcvfe 
to ^i^istftin. IJpon 'thte *#aggcrti8 u^j^ ^* t^^trry 
die cotfls froM flie coflierifcfs in tW neigfibbtiiv 
hood ^ Ne\TOttstte, ttre diaAieter of Hie ksdei 
are from %Mt> inches ktiA a hulf ^o tWd ktA 
Aree-quarters, the w^lit of *he earwAjge arffl 
load amoviiAing %6 'nearly t^hree ijcftik, and %he 
diameteir of tlie "v^h^U about three feet. 



CHAPTER IV 

OF RAIjL-ftOipa. 

In the early periods of the history of Rail-roa^s, 
€ke disposition of the geni^ral line of the road 
seem to have been an object of little moment. 
The most of the Rail-roads^ descending in the 
direction the goods were to be conveyed, af- 
&raed an easy draught to loaded carriages ; 
and the descent was never so great, btitvthe 
empty carriages could be easily drawn up the 
34x:fevilies. \n «ome of the deep ravines, 
mounds of earth are foiind tteown iip^ and 
in Some are sudden and abirilpt acclivities par- 
tially letelled ; but trifling undulations do not 
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appear to have been noticed. The horse* 
therefore would^ along the same line of road, 
l^e frequently subjected to very fluctuating de- 
grees of draught. Upon some of the old wag- 
gon-ways^ the horse is sometimes very heavily 
strained^ and his action is^ at other times, 
nt)t required at all. When the waggon came 
to some of the descents, it was the custom to 
unhook him from the fore-part of the waggon,, 
and cause him to follow behind, the waggons 
running of themselves ; the horse thus followed 
until he arrived at a part of the road where the 
waggon would no longer run down ; he was 
then again fastened to the waggon, until he 
arrived at another declivity, when his action 
was not required ; and it was no uncommon 
thing to find him thus changed several times 
in the course of his journey. 

The only motive power for a long time after 
the introduction of Rail -ways were horses, and, 
so long as the wooden rail continued in use^ 
the general load was from two to three tons, 
including the weight of the carriages. The 
only guide, in the formation of the road, appears 
to have been to enable the horse to drag that 
weight, and the road was sloped accordingly. 
It is interesting to trace the gradual advance- 
ment towards the present state of improvement 
from the old roads to those successively formed 
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a.1 th^ different steps of their progress ; and the 
quantity of goods conveyed; at different periods, 
exemplify it in a very distinct manner. While 
the wooden rails without plates continued, the 
'road followed almost always the undulations of 
6ie surf^ai^e, except to avoid steep ascents ; and 
ivhere there was a separate road for the empty 
carriages, the latter invariably did so ; no 
attempts were made to avail themselves of the 
action of gravity down the steep declivities ; 
and Ihe most disastrouis effects were occasionally 
produced by the waggons running '^ a-main/' 
that is, down- the steep declivities, a brake, or 
convoy;'only being used, as before stated, t6 
regulate their descent. This brake was pressed 
by the man with more or less force, according 
to the declivity of the road, or the velocity 
with which he wished the waggons to descend. 
In wet or damp weather, the wheels, by licking 
up the dirt and mud from the rail, became so 
slippery that the action of the brake was almost 
destroyed, and the attendant having thus no 
power over it, it frequently got away, destroyed 
every thing in its course, killed the horses 
Hiat were upon the declivity, and finally was 
dashed to pieces. These accidents were not 
uncommon^ and the destruction caused by 
ihem> and the narrow escapes which the 
fltxen themselves frequently experienced, are 
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in tijie veodilecttfm of vmif Bfw IWwg^ i* 
i3P!et weatjbier, boys mid mea were ^mploye^ 
Msxm^ng :9»hi^ lapou the £9^U down tba .f|t€!(ef 
4eclipritie8^ jot^ »b they were ten»e4^ '' ««»*'' 
Il;9,c4uset)ie})]»jk:^tot8ic^«^^ aad/m9€«9i^ 
{States of Ihe wea|Jier, when very #te€|^ d^eljn^ 
iii^ OGciiurrad^ the work wa^ 4^Uged |p ii^ 
>itopp€4 entirely/'* 

When 4ji^ double woodrway o$w^ l9^ wre, 

yened^ moire i^are was taJs:Ga in ioamag ik^ 
i;oad^ and a horse yr»s enabled to iake jh chair 
dron waggon, coatainipg 53cwi. of cosiJs^ exr 
plus^ye of jthe weight of the empty waggpoH ; 
stilly however^ the evil occusioned by the 
waggons '^ running .^majjgi'' Aown t^ #te^ 
declivities^ rem?ii>ed/*t 



* Fre(]^uent1y VfhAe yery steep descents .oceurredy fo|: 
many days the wprk yras latid off on account of ^he weather ; 
a sudden shower of rain occurring^ when any of {he waggons 
w^e upon the declivity, «et the whole away, an^ men were 
fi^tioofii to dcaw lopes, a$ boons across t];ie line of roai, t^ 
fitap their piogn^ss. If the jpop^s ctould be dritwn afMiMi 
before their momentum becoipe rery great, the ^apcuige way 
less ; but, if they bxoke the roppp, then the most d^sastiOHS 
effects followed. 

t And when the ca«t-iron wheels were brought into use, 
the hind-idieels ^ the waggon weie stiH madeof woo4, liuit 
the brake lOi^ht be enabled to id^e a b^tor Md in n^gw? 



The m^A w^rawmeelt ym»^ 4lie mdopitioii ^ 
luron :reite^ ^he« itbe Imd of Ite ^Mtise vw i»- 
4smmed to oeiurly ^ot^le diaqunntiiy theretofore 
49kim iipcitt tte vrooden ts^^ ifiv:hidk also led 

^rQ9)d. Th^bmke^eeoMnokrnger^Qvdiecuiii^ 
to ti^e wag^^QOA doseendiBg steep faHls^ nod 
recourse ^as had to a series of adier moifeB 
^f movkig. and of restsaming die rdocitj of 
the wagg(w'^ poitrer^ viz. Ahe adopdon of iduri; 
is malted, the y self^iMtiiig andined pkne.^ 
When the gravity of the ioaded waggons «a» 
employed in dragging the ^wpty ones up die 
planes, the prevailing means of dmught was 
their horses upon liie ierel and slielitly de- 
scending or .LnUng p^ of A.^. ^ 
self-acting planes upon liie steep dedivides. 

Afterwards, when the steam-engine became 
the most extensive moving power for all other 
mechanical purposes, its action was employed 



latiog^ tbe descent. The brafce, for a loi\g time, only acted 
upOQ the hind- wheels; and, in that case, J suppose, they 
found ft necessary to retain the wooden wheels, to secure 
0i|fiete»t hold. After it was prolonged beyond the idlcnnn, 
HQd made to act upon both wbeds, the «£bct bdng doiiUed^ 
I jpvesiuiBe they found its action upon the ciMi-»if pq ivhaelt 
f afiMep% powerful, ou such descents as ihey ^cavaise^ 
to secure the proper hold : the wooden wheels were there- 
lore f;elinquished* 
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upon' die Raii-road^ in dragging the waggons 
upcm the ascents^ by means of a rope extending 
from the engine to the wagons ; and^ subse*- 
quently^ the power of locomotion was given to 
the steams-engine^ and it was in that manner 
applied to drag the waggons along the more 
level parts of the Rail-road^ without the inter- 
vention of a rope. 

Having thus given an outline of the various 
species of motive power^ successively employ «- 
ed in transporting goods along Rail-roads^ I 
shall now, for the sake of greater perspicuity, 
treat of them under their separate heads, viz. 

.1. Horses. 
' 2. Gravfty, acting as self-acting planes. 

3, Steam-engine, fixed, with ropes. 

4. Steam-engine, with locomotion . 

1.— HORSES. 

Any description of this species of power 
would be quite superfluous. Of all quadrupeds 
the horse is the best adapted for use as a 
moving power, especially in the way that his 
muscular ax^tion can be employed. In dragging 
carriages upon a Rail-road, we can always 
adopt the line of draught to the direction of 
his muscular force, so that the greatest effect 
IS thrown upon the line of traction. When 
a horse makes an effort to drag a carriage, 
he bends his body forward, and throws so 
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much of his weight upon the collar^ as isi 
required to oyercome the resistance of the 
carriage. And the muscular force of his legs is 
employed to keep up this action^ and to move 
his body forward. The effort then resolves 
itself into two parts — that of the action of 
the load;, and that required to urge his own 
body forward. No very satisfiictory experi- 
ments had yet been made to ascertain the pre- 
cise rates of each^ or what proportion the constant 
exertion which a horse was capable of bestowr 
ing upon the load^ bore to his own weight. 

Dr. Desaguuer states the effect at 20Olbs.^ at 
the rate of two and half miles an hour for eight 
hours a day ; and 200 lbs. 20 miles a day. Mr. 
Sm£;aton found his performance less. Mr. 
Watt states it at 150 lbs., moving two and half 
miles an hour. I shall not, at present, enter 
more fully into this question^ .other than what 
is necessary to determine the degree of inclina-i- 
tion of road ; beyond which it would not, on 
any account, be prudent, or even practicable^ 
to employ the action of horses. 
' I shall assume 150 lbs. as the amount of a 
horse's power^ at that velocity which should be 
kept up in conveying goods along a Rail-road. 
I am aware tiliat occasionally he may be able to 
exert considerably more power upon the load ; 
but it must be at the expence of time, and 
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dia«ld iiot/ftiei*efoFe, enter feto tbe*ealcf«ila*ibti. 
A modenrtcJy-sizcd horse ifriB weigh abdat 
lOeirt. «r UIMllis. Takisig *he <^btum «%ot^, 
we may reckoii his tmiflciiar exeftioH <iivid«fd 
mto eig^t parts^ seveH^f whicfc «re rei(ttit^*d%o 
urge Ws own wei^ forward, and ome that ^f 
the load. Now, if the aceliv*ty ef *he irolid he 
mereased, m^ t)^ gravity of the herse^s town 
weight amonntto that part wMeh he 5s <ap«ble 
«^ exerting upon iSbe Iload, Ihen tibe mtisedar 
exertkyn will be the ^anre in both aa^efs^. he Is 
capable ^f acting npon the load with ft fotce 
equal to the seventh part iof his lown Weight ; 
therefwe, ihe angle of ittdiiiation will be about 
8* 15', and, ^ipon tiits acclivity, the e!teition 
required to overcome flie gravity of his tiwti 
weight is equal to tiie force whtehhe is capable 
of bestowing upon the load on a level plane. 

In laying out a Rul-road, with a view 6f em- 
ploying the motive power of horses, all ascents 
diould be carefully ttvoided ; the diminution of 
his power bmg so very rapid, that very little 
eflfective power wiBi be left for flie action upmi 
the load. Even on nioderate acclivities, the road 
i^uld, if the levd of the two places wiH not 
adiint ef a Hioderate indination, be divided 
into Bucces»ve platforms, separated by short 
ascendmg pftanes, upon whidi some other spe- 
cies of power should be employed. 
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II.— GRAVITT. 

The first introdttctioB of indmed planes^ 
when the gravity of a heaviy body dowawaiid& 
>Yas e^iployed to assist or eJfeetthe moving; o£ 
a less heavy bpdy up a plane inclined to^ the. ^ 
horizen;^ a|ipears' to- have beea iq^n canah ; 
when the- weight of tim loaded boate down. were 
made to dr«w th^^^ empt]| boais u^ a sk^gg 
pliM90^ fronis ooe level to another^ 

in the yeai; 1788^ Mr. Wac. Ret^nqu^ com^ 
pleted>. at th^ KitLey .Ironrworkfi> air inclined 
plane,, forxned.of a. double iron Rail^road^ bfv 
wWch ft^lopij^d boat, m, passing dowaa.fi«utta 
cpn^trwted, £6jr the purpose^, drew up somey 
bpat^ which wercempty. Since thai; time maa}^: 
iuctined planea have been made oa Rail-roads^, 
for the purpose of drawing up tbe empty car- 
ria^svby the. gpivitating, power of the loaded^ 
carriagest down, the plane- 
On public aod otber Rail-roads^ whese. the 
<]yaaQtity otgoods te be conveyed is fluctuating; 
aiit^isi or i^ likely tobe^^ the same iabotbdi- 
rei^tipBs^^ this species o£ power cannot be re- 
sorted to. Itas.only-wJhe£ea>pi«ponde]faBce>Gf 
goods has to be c€mveyedinionedji:ection^.an^ 
wjiere^, upon any dedivities oecurrii^ ia the^ 
lihe of road^ that preponderance isr ca^aMe 
of, pvereoming tbe grai^ity of tha retunoing car- 
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riages, that the action of gravity can be used 
to advantage. 

It will^ therefore^ be of importance, in the 
subject of Rail-road conveyance, to ascertain 
upon what declivities, with a given prepon- 
derating load, this power is available. 

The object of all such inclined planes being 
to convey down a certain quantity of goods in 
a given time, and to do this with the least 
expenditure of power ; in forming a Rail- 
road, therefore, with a view of using this 
species of traction, it is not only necessary that 
the descent of the plane be such as to give a pre- 
ponderance to the loaded carriages over those 
which iare empty, but such a preponderance 
as will cause them to descend and drag up the 
empty carriages with the requisite velocity. 
If we give to the plane a greater inclination 
than requisite, we expose the rope and car- 
riages to an unnecessary strain, and, conse- 
quently, to additional wear and^ cost ; and if 
that inclination be iiot sufficient, the proper 
performance will not be accomplished. I shall 
therefore endeavour to develope the laws which 
govern bodies: descending inclined planes, and 
afterwards give such practicable illustrations as 
I trust will render the subject a matter of easy 
calculation to those interested . 

The phenomena of falling bodies is now 
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iirell known, as also the laws by which they are 
governed in falling down inclined planes. 

The force with which, a body is accelerated down an 
inclined plane is to the whole gravitating force of the body 
falling truly^ as the height of the plane to its length. 

Let H z= the height of the plane, 
L =: its lengthy 

W z= the weight of the descending body. 
Then the gravitating force of the body down the plane, 
which may be expressed by G, will be 

O = ^ (I) 

If we make r=16TV ^eet, the space which a body will 
describe in a second of time, by falling truly, and x ^ the 
tinie in seconds,. 

Thea the space; S, which a body wrill describe upon any 
inclined plane, in falling t second& will be 

Tor instance, if the height of the plane be equal to thie 
36tb part of its length, or the descent be one inch in a yard 
— then, by (th. 1) the force by whicK the body is urged- 
down the plane will be equal to the 36th part of its weig^it ; 
and (th. 2) the space which it will describe in the first 
second of time, will be the 36th part of 16^^ feet, or 5^ 
inches; and, by the laws of falling bodies, the spaces 
passed over being as the square of the times, the space 
described, at the end of any other time, will be equal to- 
the square of that time multiplied by 5|^ inches- , . . 

This will be true when the body descending the plane is. 
"without friction ; but as no carriage can move without rub- 
bing parts, and, consequently, liable to friction; we must 
make allowance for this, otherwise the result in practice will ' 
»ot accord with the theorem. ' 
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^ The friciioii of cariiafea,, moved along^RaitFoacki #il^W 
afterwaOrds sbewn not to differ material! j^ from -tkat of uni- 
form resistance ; we may, therefore, express the resistance 
oppofoi by fi^etbtf t% the hodf liidyifig freely down the 
pias^by P, imd^eotMMfer th« dthttnutton' of tKe gravitati&g" 
force of tbebodfy by^ tSiis cause, equal' tb iJte amount ol' the 
friction ; hence, rdlMiilit)^ the fermelr symbols, 

we have S =s Szd?^ + r<?(A> 

andF = a:-.?^' (fi) 

rr 

We can, therefore,, determine the friction F 
of any carriage or waggon by the latter for- 
rnula^ in causing thenxi to descend a certaior 
known declivity ; and, ascertaining Ae spae« 
passed G¥» in a gi^en^ tim«, H^ difference 
between the space actually passed over, antf 
that which the body ought to have described 
in . descending^ freely^ will be the diminuticm 
b^ tihue effect of friietion> and wriUrbe a copreiet 
egitiiiiate of its^ amonnt. 

TEl^s], find the gravitating force of tfce Bddy 
A)Wir the plane, by multiplying, the weight of 
the body by the height of the plane,; and divid- 
ing the sum. by the length;, then multiply the 
wei^tt*o£ the body by the sptee pasKd oy^eTy 
and divide tlii«h smtt by the* squ«tr^ of the tSftie^ 
in* seconds, miiftiplied by 16^ feet, anrf sub- 
tract this quotient from the gravitating force of 
the body, and it will give the frictioa. 

This comprehends a body, or system- of 



bodies, descending an inclined plane, and op- 
posed only by their own friction and inertia ; 
but the principal use in practice is to employ the 
preponderance of a descending train to drag 
up the returning empty carriages. The gra- 
vitating force has then to be opposed, (in 
addition to the friction of the descending 
train,) to the friction or gravity of the ascend- 
ing train, and also of the rope or chain by 
which they arie drawn up the plane. The gra- 
vitating force of the loaded carriages ^vill then 
be the sole moving power ; and the resisting 
or retarding force composed severally of the 
gravity of the ascending carriage, and the fric- 
tit>n of the whole train. 

If we make F' represent the whole retarding forcf^, opposing 

the mbtion of the descending train, 
and wz: the weight oiP the ascending train of car- 
riages, 
Then, as a body requires the sam^ force to propel it up- 
wards, throujgh a given, space, which gravity would produce 
in it by its fall through that spiEice, or the forcie which a 
hoAy will acquire by falling through a certain height, will 
propel it uplrards thnmgli the same height; consequently, 
the ascending train of carriages, will oppose the' motion of 
the descending train with a force equal to the sum of their 
friction and gravitating tendency down the plane; 

G—F' 
and we haVe S = r^;- — X t^ (C) 

W-f-io ^ 



\ 
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•«*>. - '- G-V X r ^^ 

This expression of F' is composed of four distinct pfurts, 
yiz. the friction of the descending train of carriages ; the 
friction of the ascending train; their gravity; and the fric- 
tion of the rope. 

, Make ^ =: the gra? itating force of the ascending train = -r— 

f = their fiiotion = ff — -j:j7 

^ = the friction or resistance of the rope,. 
ThonF' = F +/X 9 + g- 

And having the friction of the carriages and their gravi- 
tating force, the friction of the rope 

wiU be . (p = F' - (F+/+^) (F) 

In the application of the inclined plane to 
practice^ it will be requisite^ as before stated^ 
that the quantity of work should be done with 
the least cost ; and this will be accomplished 
when the descent of the plane is such as 
will perform the work required, without 
laying unnecessary strain upon the rope em- 
ployed for the purpose : this can be effected 
either by employing a commensurate number 
of carriages upon, or by giving additional 
elevation to, the plane. Any body, or system 
of bodies, placed upon a plane inclined to the 
horizon, will, if the gravitating tendency of 
the body down the plane exceed its friction, 
begin to descend, and its motion will be 
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accelerated according to the laws, of falling 
bodies^ and will pass down the plane in a cer- 
tain time ; and this will be the same^ whatever 
be the number of carriages : but, if we employ, 
this system of bodies, or train of carriages, to 
d^ag up a certain number of empty carriages 
by means of a rope, we shall require a certain 
preponderance of gravitating force to acqom- 
plish it in a given time; we can, therefore, 
either increase the number of carriages until 
the aggregate sum of their gravitating forces 
aipount to this preponderancy, or" we can, by 
elevating the plane, increase each indiyidiua,! 
gravitating force until we acquire thjB same 
preponderance. 

If we are confined to the number of car- 
riages that can be conveyed down at a time, 
we must then necessarily have recourse to 
the latter method; but, if no such restriction 
exist, .we can then give to the : plane , that 
elevation which will perform the work with 
the best effect. The proper inclination of 
planes cannot, however, be found without a 
perfect knowledge of all the circumstances 
attending their ^mode of; action : such as the 
friction, the wear of ropes, &c. I shall, there- 
fore, pass over these considerations at this 
time, and refer to them again when I shall 
have detailed the experiments made to ascer- 

g2 
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tain these fads ; and &ball now proceed to 
describe the mode of action upon the Ridl-^ 
roads^ in the neighbourhood of Newcastkf, 
where their use has been very extensive. 

Fig, I. Plate III. represents a g^nnd plan of the wheel 
W W of a self-acting plane, round the rim of which the rope 
winds, by which the loaded carriages drag die empty ones, 
up the plane. The wheel is generally cast-iron, dxmt six 
feet/diameter, with six spokes^ and a grooved rim for the 
rope to wind upon, the groove being oply of sufficient width 
to hold the rope within it as the wheel moves round ; conse- 
quently the rope, when in action, only passes round one 
half of the wheel, from a to 5. At the top of the plane, '2l 
square hole is dug, the sides of which are lined wi^ 
masonry, the top toeing nearly upon the same level as tile 
Rail-road ; the wheel is then placed between two frames of 
timber^ the upper of which, ah and cc?, is shewn in the drawing. 
They are kept steady by the diagonal braces e e. The car- 
riages on which the axle runs, are placed on the front of these 
frames. The upper one at g, and the other immediately below 
it, on which the ends of the axle that sustains the wheel rests, 
and on which it is at liberty tx> run feeely round. 

At the top of the inclined {dane a. cevtain space of ground, 
for about twenty ox thirty yards, (varying according to the 
number of carriages run down at a time,) is tnade nearly 
level, on which the loaded carriages remain until they are 
to be lowered down, and on which the empty ones stop after 
their passage up the plane ; at the end of this level, ov sltgktly- 
indiaing gpround, furthest from the top* of the plane the 
wheel 19 placed,, and smalf horiaontal sheeves^ ss ssssy are 
placed in the direction the rope runs,, to prevent its being 
injured by dragging along the ground, and also to diminish 
its friction. These horizontal sheeves are ptaced at inter- 



vab of QiTQry eLg^ or ten yards upon the plana/ from one. 
«tt4 10 the other* The diawinf wffi ahtsrvr the foqn of thsi» 
lietiphery, oa which the rope rnqs, the width h^ng about 
foitr iafihee; their diameter about eleven iaclies^ with a* 
llange on each iide to preyentthe rope from ruBnin^ off; 
tb^y are made moat fce(}oentiy to run upon pieces of woo^t 
and somfetihies upon cast-iron stands, placed upright upon 
the middle (^ the road; tiie axSes are-made of wrought^iron, 
and when they run upon the upris^t beanBga, aben^ three-- 
quarters of aot iftch dtametes. The plane is* then, m^de ic^ 
a propel ak|)e, between the platform or level on whish thei 
wheel is placed, and the lower extnemityy when a, similar 
flAt or piece of level road iamade, for the descending txAiu: 
of waggons to land upen. The> slope is either ujufbrm^ qb 
sneh 9A the nature o£ the ground will permit; Someti^iis;! 
^onsid^able bendb ok ourvea are obliged txx be made m the 
line of the road» but whatever be the form or length of the; 
slope, it must always be terminated at each end by these 
fl^t platforms* The nancow parallel linee in l^a drawing will 
t^pw the xails as laid doyn up9B tVe pla^tlbcm ;. the w^lf 
being pl^^d below i\)^ level of the x^il : the sq^uare hole i;i 
coF'pred up, and th^ rails pas^ over upon the cover. lathe 
drawing, the rails are broken off at ^ ^, the cover being 
removed to shew the- wheel. 

The.dottedlinje AA, maybe suf^sed to represent tlie 
one end of the pla)tf9nn> and the t^p of the plane lifaree 
tails, r r' r" are laid O'om this part nearly halfway down tJ^ 
plane, of the requisite width between each rail, fo^ t^e carr 
riages to run upon, so that both the ascending and descending 
train ^ass upon the middle, and upon one of the outer rails: 
these are continued to where &e one train of waggons 
hAve to pass d^ ot&&« The threo rails are then made to 
branch into four, in the same manner as.froRi A A to B B, 
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for a certain distance, sufficient to allow the carriages to pass 
each other; these four rails then converge into two or a single 
line of road, as shewn atcc, and are so continued to the bottom 
of the plane, so that the parallel lines, as shewn in the draw* 
ing, will represent a complete passing. The empty, or 
ascending carriages will be at c c when the loaded carriages 
are at A A, and they will pass each other near D' £'. 

In this form of plane, it will be seen that the loaded car- 
riages pass alternately down the sides D' D and £• E« For 
instance, if they commence their descent at D, one end of 
the rope being attached to them, and the other end being 
at £' £, at the foot of the plane, and fastened to the empty 
carriages, the loaded carriages will pass down D' D, and when 
they arrive at the bottom, the empty ones will arrive at the 
top, at £. Upon the other side of the plane, the loaded car* 
riages, in the next operation, pass down the side E' E of the 
plane, and the empty ones up D' D. 

Upon the canals^ and also on several Rail- 
roads^ a double line of road is laid from top to 
bottom of the plane, with a double line of 
rollers or sheeves ; but the reader will perceive 
that, in most cases, the one above described 
will answer precisely the same purpose. In 
very short planes, the obliquity of the road, in 
passing from a double to a single line, will 
cause a partial retardation to the carriages, 
and also additional friction to the rope ; but 
upon long planes this is scarcely felt, and the 
cost of a double road the whole distance would 
be considerable. 
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^ When the slope of the plane is not uniforin^ 
descending^^ more rapidly in some parts than in 
others, or when the descent is so great as to 
give more than a requisite preponderance to 
the moving power, a brake is applied to the 
periphery of the inclined wheel, to equalize or 
regulate the velocity of the carriages down the 
plane ; and, in many instances, men traverse 
the plane with each train of waggons, and 
apply the brake or convoy of the carriages to 
check their velocity when required. The 
brake upon the inclined wheel will be per- 
cieived ta have no power in checking the velor 
city of the carriages more than what is equal 
to the hold the rope takes upon the wheel in 
passing round its semi-periphery, for if . the 
excess of gravity of the loaded carriages, above 
what is required to overcome the whole retard- 
ing forces, be greater than the ^ hold of the 
rape, the wheel may be completely stopped^ 
and the rope slide round the wheel, which, in 
some instances, might be attended with danger. 
The declivity of the plane should never be so 
great as to cause such an excess or preponder- 
ance of gravity, when such a wheel as this is 
used. 

Many other plans of employing gravity as a 
moving power, have been resorted to by differ- 
ent persons. In very stefep planes, horizontal 
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rollers^ similar to A. B. Fig. II. Piaie. Hi have 
been used; vrhen the desceiiiiiiig: train un* 
wound the rope from its barrel; acnd wound the 
rope upoii the barrel of the retutnitog earriage^ 
which was again in itsturotmwQiihd by the 
descending train ; in such a combination^ th^ 
brake could be employed with any degree of 
force thought proper/as |he rope and; batre} 
were one machine^ ntid th^ tdp^ C011I4 not 
move round without moving tlie Wird al$o.^ 

Skeleton waggons^ loaded with metal^ 8u*e 
sometimes made usfe of to oveiiiaul the tc^ by 
which the empty waggons ^ere drawn up the 
plane/ and to drag' it down the plane again ; 
and also^ at the same time/ to drb.g the rope up 
by which the descending train was lowered, 
for the purpose of allowing the descending 
train always to pass down^ th^ same lin^ 
of road, an4 the ascending ' train ' to iacva^el 
up a different road, each having a separate 
rope. I do not see, however, thqt this mode 
cau be of advantage, except under very pe- 
culiar circumstances, fqr the moving powier 

* The firgt self-acting inclined plane, erected near New» 
castle-upon-Tyne, was by the late ingenious Mr. BarneSt on 
•wl^ch the des[cen4ing train of waggons drew up, pi^f Of a 
|>it or well su^nk at the summit, a plun^met of considerable 
.weight ;. which plummet, in its descent, drew the empty car- 
riages up the plane. ^ : 



is surely subjclcted to a resistance equal to 
double the amount of the friction of the roj>6 ; 
and the rope is also subjected to a similar 
excess of strain^ above what arises on the 
common form of plane^ when the loa4ed car- 
riages alwap pa^s down the rdad^ and di,e 
eiiipty ones travcjrse upwards^ and vice-veirsa. 

The mode by which the carriages are made 
to pass^ from one kind of road to another^ upon 
the plane described in PUUe 111. Fig. I., is a^ 
qnce simple and efiecUve^ and is done without 
tfae aid of manual labour. 



t •' 



The ledger, or projecting flange, whidi directs ^e wheels 
of the carriages upon the rails, is upon the iiiner side of the 
rim of both the wheals, and, consequently, travds on th0 
inner side of th6 Rail-road. When the fails ^ive^ge 
into foar, and thus form two Separate roads, ai from 
A A to BB, two rails are made to join into one, as shewn 
in the figure ; and the carriages, in the different trackis, puss 
iQto the double road without the least obstrpctiqn, 9^ will 
really be seen on jnspecting the drawings, keeping it always 
in mind, that the projection, which guides the wheels, tra- 
verses ag^nst the inside of the rail. Again, in passmg from a 
double line into the single one, viz. along the roadv £ E', 

• • • • 

towards C C, it will be perceived that the carriages will be 
i^cHil^ tft trarrerw tliat t^acl^ only; feut, i^ pfim^g frA^9 % 

so^ie contrjvance is pecessary to direct the pairiage^ ipto the 
proper track ;. for this purpose rails, moveable on a centre, 
^^fff Plate III., or snewn on a larger scale at /, Fig, X. 
Ptate'n.f are -used, which, being made to block up, as tt 
^€fre, ihe t^ehihg'^ into die wrong road, fand, atthe same 
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time, act as a check to direct the wheels .into the proper oae^ 
performs the desired effect Thus, suppose a train of wag> 
goDS to have passed down DD', then the moveable rail 
** switch," or " pointer," f, will be thrown out from the rail 
c, into the position shewn in the drawing, and the opposite 
one f'i will be pushed close against the inner side of the 
opposite rail, as shewn in the drawing. Then, on the return 
of the next train of carriages, whieh will be the ascending 
pnes, they will pass up the same side, D' D, for the rail 
J^ will prevent them from passing up the other; and this, 
the reader will perceive, is the track' they ought to pass up, 
being thttt ^which the loaded carriages descended. The 
ascending train |)assing up D' D, the descending train will, 
of course, pass down E £' ;. when it arrives at the moveable 
rails, or switches. It will put them into the reverse position, 
y^will be pressed against the inner side of the rail c, and 
f^. will be thrown out by the. flange of the wheel into the 
position. shewn Jjy/'. The dotted lines will represent the 
positioti of these rails, after the descending traii^ has passed, 
which wjll be perceived is that which is required to direct 
the. returning carriages into the road £' £, up which they are 
to pass. 

Gravity b^ii^ a moving power so very eco- 
nomical^ it is of the utmost importance that its 
aid be extended to every situation^ and in 
every case where its application is available. 
Friction being the great obstacle^ in the exten- 
sion of its application^ it is desirable that every 
means be tried to exterminate it as much as 
possible. The plan drawn in Fig. I. Plate III. 
will, I am inclined to imagine, be found to be 
, a mode of application, when the annihilation 
\ of friction has been effected to as great, an 

\ 
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extent as any plan yet devised; it has this to 
recommend it, that it has been very exten- 
sively used in a district where almost every 
means had, been resorted to in the economy 
of conveying goods, and every other plan has 
yielded to its: adoption, when; thje diminution^ 
of fiiction became an object. 

The simplicity of the construction of , thi&i 
kind, of wheel, and, the. manner of placing it^ 
concealed from the view and ^elt^ed from the 
w«ather, are also objects which recon^mend it, 
In addition .to these, on the score of diminish^ 
ing the friction, barrel-rolls, when the rope 
winds upon itself, have been used, as b^efore 
stated, wlien the excess^ of preponderance 
rendered it necessary ; but these requiripg dou- 
ble ropes, the other plan is, on that account^ 
superior. 

The amount; of friction being always projpor: 
tionate . to the extent of rubbing . surface, by 
placing the rope upon sheeves, and causing it 
to pass down the plane^ along their periphe- 
ries, we diminish it in the ratio of tthe diameter 
of the sheeves to the diameter of the axle ; hence 
the larger the diameter of the sheeves the bet- 
ter, provided the weight of the sh^eyes is 
not thereby increased . It is aJso . necessary 
that the .surface of the sheeves,; whei^eoii. the 
rope traverses, when running, be>al,ways of the 
same radius ; for, if the rope runs upon a siir- 
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face not every Whefr^ the^ ^me distaneei from 
the eehtre of motiorl^ it must experience a rub- 
bing from th^ different velocitbBs^ of &^ surface 
of the sheeve^ at the dtfief eilt rildii^ the velocity 
of the rope, m every part, b^ng the same, 
similar to a flat surface rolling albng the pe- 
riphery of a conical shcl^ve. The sheeves, 
ishewn in the drawing, are 'made quite flat, 
with side flanches, to keep the rope on ; but 
tibeir width will appear greater than requisite, 
being on an enlarged scal^ ; the general width 
is from three to four inches, and -from eleven 
to twelve inches diameter, where rope runs, 
and weighing about 21 to 3&lbs. 

The limit in the application of self-.act»ig 
planes will be, when the preponderance of ^be 
gravitating force of the d^scen^g tr^in of car'c 
riages are sufficient to drag the ascending car-r 
riages up the plane with the requisite leelodty, 
and always upon descending lines of road. 



III.T^TEAMDNGWIS, 

FIXED UPON 4SCENPIN6 PLAICES. 

The piieceding plan^, as befoi^ atnif^, m^ 
iieeessartly descending pioBes, down w]Kkh dif 
goods ape supposed to be ironveyed, aid up 
Which Qnly the jpmpty caciiages, or a, vfi^ 
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iftinaU pcfftion of returning c(^rriages of goodg 
are supposed to ascend. In the prosecution of 
general lines of road^ extending firoln plaqe to 
place^ distant from each other^ and between 
M^iich thefacae of the country is. perhaps uneven;, 
undolaling^ andhilly^ we cannot always divide 
the line into platforms^ or stliges> with littie 
inclinaiion : .and when i^e descend planes/ we 
frequently meet with acclivities which cannot 
possibly be avoided^ up which the loaded 
carriages must be . conveyed : also^. in public 
isnes of road^ when the carriage isy perbaf^, 
the same in both £rection$^ or even though 
the prepondeixnce may be in one direction^ 
when loaded cd.rriaiges oceasion^ly hav^to 
pass an^ repass^ it isneeessfiry that a passage 
should be aflbrded ta the traasit qf goods. I 
shall^ therefore^ now describe lihe means wUch 
have bean practised to surmount such ascents 
wi1& tbe' loaded carriages. 

I have previously described tbe action of two 
kinds of motive power^.viz;. hoksiss and okavity. 
— ^The former has beeniexplained^ tO' be limited 
in »etion to very inconsiderable acclivities >; the 
latter to declivities solely.. Hence the kind of 
pQ^wer whieh is the sdbject of this chapter 
will comprehend all other .inclinations of road ; 
whether tbeyr be ki^el,, aaeendiOig, descending^ 
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or undulating. It will not here be . attempted 
to point out the particular degree of inclina- 
tion or elevation which should be observed 
in surmounting the summit of a hill^ nor how 
&r it may be adviseable to divert the line to 
obtain a certain inclination of plane^ or to 
avoid such a rising ground. 

I shall first of all describe the different 
methods of surmounting those ascents^ which 
occur in some of the principal Rail-roads that 
have come under my observations ; aiid^ after- 
wards^ compare the effect on different planes 
with each other^ by which we may be able to 
deduce some practical data for the guidance 
of engineers in laying out the . most advan- 
tageous line^ or the most beneficial inclination 
of planes across the country through which 
a Rail-road is to be carried. 

The dragging of boats upon canals^ from 
one level to another^ to save lockage-wajter^ 
by means of sloping planes^ has been long in 
use; but the introduction of steam-engines to 
drag carriages up ascending planes uppn Rail- 
roads^ is comparatively recent. Mr. S. Coo&e^ 
in 1808, erected an engine upon Birthy-fell, 
in the county of Durham, to draw. the loaded 
carriages of the Inpeth .colliery across the 
Durham and Newcastle turnpike-road, up. .a 
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Bteep ascent; and since that time they have 
been much used upon the Rail-roads . in ^ the 
neighbourhood of Newcastle. 

The following are the different kinds of 
plani^s with which I am ae^uainted^ and the 
maiDier of surmounting than : — 

1: Plane, or inclination, when the gravity 
x>f the carriages which have to pass downward 
18 student to drag the rope after them, by 
which rope the returning trains are drawn- up 
by a steam-engine. This may be divided 
into single or double lines of road ; if i^ngle, 
one train of can*iages only are in.actioti.at a 
time, and one rope only is used, the descend- 
ing train drawing the rope out upon the planp 
to which the ascending carriages are attacht^^ 
and thus drawn up. 

2. If double, then there is a double line of 
road, or one similar to. a self-acting plane;; 
the descending train of carriages passing down 
one side, and the ascending train are drawn up 
at the same time. In this case, if there be 
any excess or preponderance of gravity in the 
loaded carriages, above that .which is required 
to drag, the rope down, the plane, this pre- 
ponderance comes in aid of, and pssists, the 
engine ia^ dragging the returning carriages 
up the plane. 

3. When the carriages are to be conveyed 
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up a plaae^ the jaeeliyity. qf lyliicli. is fwsf 
suffkieni to enable the retumipg.pr desQei^din^ 
carriages to drag. the rope aftef tb^m.. 

In thb doable line^ No. 2, a $beeye has^lieen 
pliaced at the bottom of the |>laine, round whfch 
a rope is passed^ attached at one end to the 
ascending carriages^ and at the other to the ' 
d^geending caoriages; the ^ngine^ in dra^^ripg 
tip the leaded carriages, by itieans of the rop0 
attached to them, winding round the^heeve nt 
th45 bottodi <^ the plane, drags the empty car- 
ri&ge^ do wii t^e plane at the same tune . 

4. Wbi^n-the whole line consisted of a se^es 
of ^lich planes, or is undnlatii^, i>ther eiigines 
are placed in extendi'dfn of the .plane aboye 
allu'd^ to, with sheeves at the eaid of the 
planes, to drag out the ropes . wheA the At^- 
vity of the plane is not sufficient ; thiis forming 
a succession' of planes with endkss ropes or 
chains. - - .... 

5. When a hitl isto be passed on one side, 
and on the' other side cafriages tTa¥^:^iiig 
in the sattie diretttiOAy* are to descend, .an 
engine ii^ ~ placed' lipe^ the- summit oi the 
hill. Ih V sti^e cases, this ^gHi6, ; with . a 
single T&pe^ dt-aws up the carriages; and' Hiai 
lets down th^' same carriages on the' op- 
posite side. When the road is dblibk, 
siii^ital^ to No. 2, dieeves are placed at the 
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bottom of the two planes^ and the engine thus 
draws the carriages^ in both directions^ upon 
the two planes at the same time. 

6. By forming the whole line into a suc- 
cession of engine-planes^ or stages^ of suitable 
distances apart. At each end of these stages a 
stationary engine is erected, to draw the car- 
riages from the last stage, or engine, towards 
itself. This operation is performed by means 
of ropes, which are, in the first place, taken 
from the several engines to the engines imme- 
diately preceding them, by means of horses ; 
but when the work has commenced, and the 
carriages have begun to travel backwards and 
forwards upon the line • of Rail-road, the re- 
spective ropes are carried from one engine to 
another, by being hooked at the end of the 
advancing and returning carriages. 

Those engines act not only upon the 
intermediate stages^ but, also, in a simi- 
lar manner, upon the stages beyond them, 
in conjunction with other engines placed at 
the extremity of the stages. These latter 
engines again, with others beyond them, and 
so on throughout the whole length of the 
line ; thus forming a series of engines, from 
one end of the line to the other, acting in the 
manner thus described, and reciprocating with 
each other. This mode has been made the. 

H 
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subject of a patent by Mr. B. Thompson, of 
Ay ton Cottage. 

By these modes, any ascents or undulations 
niay be passed, which occur in the line of road 
to he traversed. Where the line is laid out 
into successive platforms or level stages, and 
short ascending and descending planes, any 
of the modes. No. 1, 2, .3, and 5 may be use,d, 
as the nature of the plane may be; and, when 
the whole line is divided into engine-planes, 
either the mode No. 4 or No. 6 ; the one with 
a double rope, when the carriages on each 
plane are passing and repassing at the same 
time ; and the other with single ropes, when 
the carriages alternately pass and repass, may 
be used. 

I shiall now atteippt, with the aid of tlie 
drawing. Fig. II. Plate III., to describe more 
particularly the- mode of action of the different 
planes above enumerated ; but, fifst of all, I 
must premise that steam is the motive power 
employed^ though it. is not absolutely necessary 
that it should be so. Water, animal, or eyen 
manual labour might, and may, in particular 
cases, perhaps, be employed with advantage 
on a small scale, when the ascents are trifling, 
and the transit of goods comparatively small ; 
but, as my object is to illustrate the different 
modes upon extensive lines, where traffic 
is considerable, and celerity the great desi- 
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dferaturri^ 1 . shall suppose that the motive 
power is either steam or water. The reader 
will ifind a very able account of different 
methods of overcoming short ascents^ by 
means of animal power, as described by Mr. 
Scott, in the Transiactions of the Highland 
Society, vol. IV. ; as also other mattei" on Rail- 
roads worthy of perusal. 

It will not be necessary to give a drawing of 
either a steam-engine or a water -wheel> which- 
ever be made the source of motive power, as 
these are now so well understood, and their mode 
of action described in so many publications, that 
the reader will here feel no loss in the want of 
them. 1 shall,, therefore, suppose that 

V a b, Fig. IL Plate III. represent the J^haft commtinicat- 
ipg the action of the moving power to the machinery , which 
may be the shaft of a steam-engine, or a water-wheel, as^the 
c^se. may be. If the former, a c will shew l^e crank, and 
d.e the fly-wheel; /is a cog-wheel fixed upon this axle> and 
giving motion to the rope-rollers A B, by means of the cog- 
wheels g h. These rollers are alternately thrown out of geer, 
or, disengaged fitom the action of the. cog-wheels, by any of 
the common methods of. disengaging machinery. In this 
drawing, the axlfe« of the rollers are turned round, so that 
when the axles are fixed, the rollers are at liberty to move 
freely round; levers are fixed upon a detached part of the. 
building, moveable upon a fulcrum at i i, one end of which 
can be moved fit pleasure. The other end passes within, 
but does Aot touch, (when the machinery is in action) the 
two parallel flanch(Bs fixed upon the side of the roller, but 
w,hich, when moved backwards and forwards i^ the line of the 
a;^le, throws the projections of the clutches k k either'within , 
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or clear of .each other ; and, conseciuenlly, either engages or 
disengages them from the action of the moving power. Simi- 
lar chitches are placed upon the other end of the roller inthe 
interior, t6 equalise the twist upon the axle, but which are 
not shewn in the drawing ; the whole is placed upon the 
bearings / /, &c. resting on a frame of wood upon the wall 
of the building, and elevated sufficiently high that the car- 
riages can move along the Rail-road immediately under- 
neath without touching, and is covered over to preserve the 
whole from the action of the weather. 

In the mode No. 1, when the transit is not greater than 
requires one single road, and the ascent is for the purpose 
of conveying the carriages from a lower to a higher level, a 
single roller, A, only is requisite, with a single rope r r, reach- 
ing from one end of the plane to the other, and passing 
over sheeves, similar to S. When the carriages are drawn 
up the single road, (represented by the narrow parallel lines 
to F F,) the road then branches into separate roads, as 
shewn by c c, Fig* 1. and the carriages are conveyed from 
thence by other means. The reason why the road branches 
from one single line into two is, to enable the carriages, tra- 
versing different ways^ to pass each other. When the car- 
riages are drawn up the ascent into the road allotted to 
them, the desciending carriages are then put in motion, 
and the roller A being thrown out of geer, as shewn m the 
drawing, their gravity causes them to run down the plane, 
and drag the rope after them, which is again ready for draw- 
ing the ascending carriages up the plane, when the roller A 
is thrown into geer, and is again ready to drag the car- 
riages up the plane. 

No. 2. — When the transit of goods is such that a single 
road is not adequate, then the means come under the head 
No. 2. When the carriages are drawn up and pass down the 
plane at the same time, these rails are laid down, as shewn 
at Fig. I. and the plan in many respects is similar to this. Two 
jope-ron«rs are then used, as A, B, when in action, but they 
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are continually in geer, or attached t6 the shaft a b^ and ar« 
placed in the line of their respective rcfads, so that the ropes 
passing upon the centre of the road D D', Fig^ h would 
correspond with the middle of the roller A, and the rope of the 
road E £' be in a line with the roller B. Sometimes the con* 
struetion is precisely the same as shewn in Fig. I. when the 
descent of the plane is such as to afford an excess of pre- 
ponderance in the gravity of the loaded carriages, nearly 
adequate to drag the empty carriages up the plane. Either 
a horizontal sheeve, similar to Fig. L or a like sheeve placed 
perpendicular upon the axis of the engine, is made to re- 
solve, and thus to drag the carriages up the plane. This, 
of course, cannot be done where the resistance of the car- 
riages is greater than the friction, or hold of the rope upon 
the groove of the sheeves, for in that case the wheel would 
^e turned round without effecting the ascent of the load. 
Sometimes the friction of the rope upon ti^ sheeve is in- 
creased by the additioa of small sheeves crossing the ropes 
obliquely to the line of the plane. When the latter sheeve 
can be applied it is of advsmtage, as it precludes the neces- 
sity of having two ropes, which, when in the volleFS, where 
^e rope winds upon itself, as in Fig^ II. is indispensible. 
In both these cases, whether the rolls A B, Fig. II. or the 
single sheeve. Fig. I. be employed, the formation of the road, 
and the manner of placing the rails to enable the carriages 
to pass each other» are precisely the isame as previously 
described for tlie self-acting plane.; and may be ^ther dou- 
ble the whole length, or with three raiJs above the passing 
on the middle of the plane, and two rails below. 

No. 3. — On die description of plataes. No. 3, the action 
does not materially differ from that last described, only the 
TOpes must be double, and must necessarily wind upon bar- 
rel-rollers, as A B, Fig. II. The sheeves, at the bottom of the 
plane, may be the same ^s Fig. I. roond whioh the rope 
that draws the descending carriage dpwn winds. In this 
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thjere must be thr^e ropes; each the whole length of the 
plaqe, one for each rpller, and one stretched along the line 
.of the plane^ to draw the descending carriage^ down, called 
the " tail rope." The road will consist of thfee raili(, (^ 
at A A) the whole distance, except where i\ l)ranches into two 
separate roads, (as at 6 B) in th<^ middle of the plane, for 
the carriages to pass each other. The action of tl^is pla^e 
will be readily understopd. Thus, suppose the ^heeyes W Vf, 
Fiff. L to represent the sheeve at the bottom of tl^e planf , 
and the train of carriages f|stei^ed to the rope D D", at the 
bottom of the plane, as at D, ready to be drawn up by tl^e 
engine ; the rope which winds round th^ jshe^v^ will be in 
the position shewn in the drawing, and will be stretched ^e 
whole length of the plane, and reach to the anmniit, where 
it 16 attached to the team of descending carriages. Tl)e 
action of the engine is then employed to drag the asceading 
-carriages, D, up the plane in the direction D^Q, which wiU, 
also, puU the rope £' £ round the aheey^e, a^d with it the 
descending train pf carriages down t)ie plane; and wh^n 
the ascending carriages arrive at th^ top of the pjane, the 
descending Iraia will have ^rived at the bottom, at & When 
, the ropes are disengaged from the carriages, and fastened 
to those which have to traverse the opposite direction^ the 
rope £' £ is drawn, in its turn, up the plane, wi&. the 
ascending carriages, by the engine, and the rope D' D tbas 
drawn down with the descending carriages. 

No, 4. — No. 4 is only an extension of this when the sheeve 
.would be placed neater each other, and the engines at the 
extremity of the respective planes. In traversing: a country by 
means of ^ series of these double planes, the ropes employed 
will necessarily be three times the length of the. line of road, 
thpugh more than what if eq^al to twice the length is never 
in action at ome time. If a.descent occur in the line when 
the gravity of the cagnriages are capable of dragging the rope 
after them, theit the tail-rope and f»faeeve*may. he diipenttsd 
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with; btttf when 6uch is not the case, then the whole length 
must be furnished with such ropes and sheeves. 

Nok 6. — When an isolated hill is to be ascended, and im- 
mediately after it a descending plane occurs, and it is not 
practicable to cut or drive a tunnel through it, an engine 
is pkhced tipon the summit which drags the carriages upon 
both planes. If the traffic requires only a single road, then 
one roller, such as either A or B, Fig. II. is all that is required 
upon th« engine axle. Thus, suppose the train of carriages 
attached to the rope z Zy the roller B being in geer, the engine \ 
then drags them up the plane to G G, from whence the road 7 
is niade to descend gradually to F F, so that the carriages 
will run by themselves, the rope continuing attached to i^ 
them : After they arrive at F F, the roller is thrown out of 
geer, as shewn at A, and they run down the plane, dragging 
the rope after them. To this rope the carriages which are , 
to be drawn up this plane are attached, and the roller being ' 
thrown into geer, or connected with the slction of the engine, 
the carriages are drawn up the plane, until they arrive at 
RR, whfen the road again gradually descends to TT, to 
cause the carriages to run without assistance, when they 
thus arrive at the top of the opposite plane, down which 
they run and drag the rope after them, ready to be used to 
bring another train up the plane* This mode of traversing 
ascents is supposed to be used when the gravity of the car- 
riage 4own each plane is sufficient to drag the rope after 
it. When the descent is not rapid enough, double or 
endless ropes have been used with a sheeve at the bottom of 
each plane, as previously described. 

No. 6. — When the whole distange to be traversed is 
divided into sticcessive stages, with fixed engines alternat- 
ing with each other by means of ropes, throughout the whole 
line. In this mode each engine is furnished with two rope 
rollers, say A and B, Fig. IF. While the roller B is employed 
in drawing tjie train of carriages^ by meanspf the rope z z, up 
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the plane, the carriages are drawn down, in the other: direc- 
tion, by the engine at the further end of the opposite plane;, 
and, also, the rope r r attached to them ; which, when it 
arrives at the end of the plane, and the ijetoming carriages 
are attached to it, the roller A is made to drag the carriages 
towards this engine, and with them the rope from the other en- 
gine ; in like manner, while the roller B is draggjmg thecaniages. 
towards itself, it also drags with it a rope from an engine 
at the other ejid of the plane, and with it a rope, which ia 
used to 4rag tfaie c^rrt^^s and the jrope z z from the roller B. 
Each engine in the train th^^fore h^fi two xollers, one -fnr 
the purpo^ of reciprocating with a rope from the engine 
at the extremity of the plane, on the side next which it is 
placed ; as, for instance, tl^e roll B with an engine at the end 
p{ zz; and the other for reciprocating with the rope-rdler of 
the engine at the extrejaiity of the plane, in the opposite direc- 
tion, as A with the plane r r. : at the one end of the train of 
carriages, therefore, the end of the rope from, one engine 
is affixed, and at the other en4 of tjxt same tr^in of carriages 
jtbe end of ihe rope, from the ot^er engine, is fastened. 
When, therefore, the roller B, for ipstance, is made to wind 
the rope upon itself, it drags the carnages forward towards 
its engine ; and the rope from the other engine being attac^h- 
e4 to the cfurriages, it is also drawn out from its roller ; and 
when the carriages arrive at T T, the whole of the rope 2^ 
KiU be wouiid upon the barrel B, and the end of tbe rope 
pf the otber engine, at the end of the stage, will be at T T. 
The returning carriage is them made fast to this lastrjnen- 
tioned rope, and they are drawn idQng the stage by the 
engine at the extremity; and the end of the rope z z being 
attached to them., it is also ^nwouqd from the roller B, ready 
1^0 draw the canriftges towards it, when necessary. In the 
jiame wpiy the roller A is made to reciprocate with the engine, 
jit the extremity of the stages, in the opposite direction ; the 
trsio of carjiages upo9 ,the planes, p;i et^ch sid^ of tbe en** 
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gine, always travelling in the same direction, with respect 
to the. line of the road, or in opposite directions, with re- 
sped to the engine ; the one train moving from the engine, 
and the other towards it; and this takes place with all the 
engines npon the line.' In this plan of action, the excess of 
the gravitating force of the carriages passing from the en- 
gine, above what is required to overcome their own friction 
and the resistance of the rope, is made to aid or assist their 
engine, in dragging the carriages towards itself upon the 
other plane* Thus, if the rollers ABbe both in geer, and 
the carriages descending the plane F F, and dragging the 
rope after them; if their gravity exceed their own friction, 
and that of the rope, the excess will assist the engine in 
dragging the carriages up the plane T T ; and the same will 
happen upon the '^ther plane, and also on any other through-* 
out the line. Thus no power is uselessly expended. 

To accomplish this mode of action, rop^ 
twice the length of the plane will be required, 
though only a quaiitity of rope equal to the 
single length of the plane, or the distance to 
be traversed, is in action at once^ and the 
carriages have to move with a velocity equal 
to twice the efFecjtivfi speed; thus, to secpre a 
passage or trip at the rate of four miles an 
hour, the carriages have to move at a velocity 
of eight miles an hour ; or, to travel forty-eight 
miles in twelve hours, the carriages must be 
moved at the rate of eight miles an hour, 
exclusive of delays in changing, as the car- 
riages travelling in any direction have always 
to remain at the engine-house, where they are 
drawn up to the end of the stage, until the 
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carriages^ passing in the opposite direction, 
arrive at the same place from the other end 
of the plane. 

The difference between the double plane. 
No. 4, with an endless or double rope, and 
the single, or reciprocating one, is, that 
in the former the carriages are continually 
moved or moving along without interruption, 
at the end of the stages, except the delay in 
changing, and will thus, in tratvelling at the 
rate of four miles an hour, traverse a distance 
of forty-eight miles in twelve hours, with the 
action of three ropes, acting as a double one the 
whole distance ; and, in the latter, the velocity 
must be doubled, to effect the same distance in 
the same time ; or, to traverse forty-eight miles 
in twelve hours, must go at the rate of eight miles 
an hour, with the alternate action of 'two ropes 
forming one continually active rope the whole 
distance : there will, however, be a difference 
in their effect, above what arises from the 
relative friction of the ropes upon the plane, 
by the application of the sheeve, the action of 
whii^jh is rather different from that of a rope- 
roller, and which will be considered after the 
friction of the rope has been ascertained. 

These diflferent modes will then effect the 
conveyance of goods over any kind of country, 
whether flat, hilly, or undulating; and whe- 
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ther the line be/ divided into suecesaive plat<^ 
forms or levels^ and asceaiding or descending^ 
planes ; or be stretched at once across the 
country without regard to any particular incli^ 
nation : either one or other of these mode», 
as the case may be^ will i^omp^ehend means 
for securing the regular and constant tran»t. 

IV.— STEAMENGINES 

BY LOCO-»(0TI0Jf. 

The steam -engine> for many years subsequent 
to its discoreryy was solely employed in lifting 
or raising water by means of pumps. Savary^ 
Newcomen^ Beighton^ Desagulier^ and otl^er 
eminent men, successively contributed their 
aia to its improvement and its advancernent in 
utility ; still it was cumliirouSy heavy, unwieldy, 
and complicate^, and its i£se confined within 
narrow limits. It was in this state t)^at Mf. 
Watt found it, and to his enterprising genius 
the \\tor}d is indebted for one of the most use- 
fol machines ever given to commerce and the 
arts. Its action was no longer confined to* a 
rectilinear motion, or thai; of pumping water ; 
but, throu^ his assiduous exertions, converted 
into a rotatory motion, and applied to almqst 
every manu&ctory. 

So early as the year 1759, steam appears to 
have been thought of as a motive power to 
wheel-dsirriages. In a note to the last edition 
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of Robison's: ' MechanicaL Philosophy/ Mr. 
Watt states — " My attention was first directed^ 
in. the year 1759^ to the subject of steam- 
engines^ by the late Dr. Robison^ then a stu- 
dent in the university of Glasgow^ and nearly 
of my own age. He^ at that time^ threw out 
an idea of applying the power of the steam- 
engine to the moving of wheel-carriages, and 
to other purposes ; but the scheme was soon 
abandoned, on his going abroad." Mr. Watt, 
it appears, soon after made an experiment 
fvitb steam acting by its expansive force, but 
relinquished the idea of constructing an engine 
.upon this principle : '' J, however,** says he, 
'^\ described this engine, in the fourth article 
:of my patent, in 1769; and, again, in the spe- 
cification of another patent, in the year 17S4, 
together, with a mode of applying it to the 
moving of wheel^carriages.'" 

For many years subsequent to this, the im- 
provement of the steam-engine, acting by con- 
densation, seems to have wholly occupied the 
scientific world ; and the use of steam> acting 
by its elastic force, entirely abandoned or neg- 
lected. Mr. HoRNBLOWER had a patent, for the 
application of steam, acting both by its expan-^ 
sive force, and by condensation ; but it is to 
Messrs. Trevithick and Vivian that we owe the 
introduction of the steam-engine, acting solely 
by the expansive force of the steam. In 
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March, 1803^ they obtained a patent for the 
application of that species of power to propel 
carriages upon Rail- roads. 

Mr. WooLF, a short time after, made a series 
of experiments, to develope the law of action 
of steam, at difl^rent degrees of elasticity, 
which he explained, in his patent of June 7, 
1804, and, since that time, high -pressure steam^ 
engines have been much used, in many parts, 
to economise the fuel. 

Messrs. Trevithick and Vivian, in the speci- 
fication of their patent, give a drawing of their- 
engine, applied to move a carriage upon tlie 
common roads, which may be seen in the ^th 
vol. Rep. Arts, 2d Series , p. 241. The carriage 
there delineated resembles in form the common 
stage-coaches, used for the conveyance of pas- 
sengers; a square iron case, containing the 
boiler and cylinder, is placed behind the large, 
or hinder^ wheels of the carriage, and is attached 
to a frame, supported ; from the axles of those 
wheels. The cylinder was in a horizontal posi- 
tion ; and the piston-rod was projected backwards 
and forwards, in the line of the road towards the 
front of the carriage. Across thesquare frame, 
supported by the wheel of the carriage, an axle 
was extended, reaching a little beyond the 
frame on each side : this axle was cranked in 
the middle, in a line with the centre of the 
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eylind^r^ and a connecting rod^ passing from 
the end of the piston^ turned this axle round, 
and produced a continued rotatory motion of it 
when the piston was moved backwards and for- 
wards in the cylinder. Upon both ends of this 
axle cog-wheels were fixed, which worked into 
similar cog-wheels upon the axle of the wheels 
of th^ carriages, so that, when a rotary motion 
was produced in the cranked axle by the pis- 
ton-rod, the rotatory motion was communicated 
to the axle of the larger or hinder whe^ils of the 
carriage; and these wheels beitig fixed lipon, 
and turning round with the axle, gave a pro- 
gressive motion to the carriage. Upon one 
end of this axle was fixed a fly-wheel, to 
secure a rotatory motion in the iaxle at the 
termination of each stroke. 
' The four wheels of the carriage were of the 
usual form, which, turning to different ariglei^j 
>frith the body of th^ carriage, directed its 
• motidn upon the road ; and, in crises w^here 
abrupt turns of the road required sudden 
changed in the direction of the carriage, the 
toothfed or cog- wheels, oh either side, coiild 
be thrown oirt of geer, and the opposite 
wheel made to drive the carriage into the 
proper obliquity of the road. 

Upon the periphery of the fly-wheel, a brake 
was attached, to regulate the descent of the 
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cjEi^rriage down steep hills. The contrivaneies> 
to effect the requisite motions df the Tari<^il& 
partis of this machine^ are extremely ingenious ; 
and, considering it as the first which directed 
public attention to the subject, is entitled to 
great commendation. 

The many objections to its application, 
upon public tUrnpike-roads, may, I presume, 
have operated in preventing the patentees from 
carrying it into practice in the manner de- 
scribed in their specification ; they, therefore, 
very properly, directed their attention to its iisc 
upon Rail-roads. 

Two years after the date of this patent, we 
find that Mr. Trevithick made an engine in 
South Wales, which was tried upon the Mer- 
thyn Tydvil Rail-road. The engine is stated to 
have had an eight-inch cylinder, with a four- 
feet six-inches stroke, and '' drew after it upon 
the Rail -road as many carriages as carried ten 
tons of bar-iron, from a distance of nine miles, 
which it performed without any supply of water 
to^ that contained in the boiler at the time of 
setting out ; travelling at the rate of five wiles 
an hour.*' 

As there is no account given of the inclina- 
tion of the road, we cannot judge of the r^l 
performance of the engine. It had;, it appears^ 
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only one cylinder, and, from what I can learn, 
did not materially diflfer, in construction, from 
that previously described^ except in the form 
of the carriage. 

The great obstacle to their introduction at 
that time, was the supposed want of hold or 
adhesion of the wheels upon the rails to eflTect 
the loco-motion of the engine. Messrs. Trevi- 
THicK and Vivian, in their patent, recommended 
making the external periphery of the wheels 
rough or uneven, by using projecting heads of 
nails, bolts, or cross-grooves; or, in case of 
a hard pull, to cause a lever, bolt, or claw to 
project through the rim of one or both of the 
said wheels, to take hold of the ground. But 
it will appear obvious to any one, that this 
mode of remedying one defect would be the 
means of producing another ; for any projec- 
tions would not only cause considerable resist- 
ance to the progressive motion of the engine, 
but would also tend to injure the rails of the 
road. 

To obviate these defects, Mr. Blenkinsop, 
of Middleton colliery, near Leeds, in 1811, 
obtained a patent for the application of a rack, 
or toothed rail, stretched along the whole dis- 
tance to be travelled, into which wheels, turned 
by the engine, worked, and thus produced a 
progressive motion in the carriage. 



Fig* I. Piate IV. will convey a pretty correct idea of th^ 
mode of action of this kind of engine. R R is a piece of 
iron of the rails constituting the Rail-road, on the side of 
which are cast the Bemicircular protuberances or proj^^^.ttons 
i. ll.ite. thes& semicircular tee^ project from the side 6f 
the rail two txt ihree inches, thujB ftHmjng a htigitxidiiid 
toothed -rack^ which is extended the v}»6le kngth df tb-e 
road, a a are the cylinders, placed within the boiler* 
The action is communicatevl by the pistons to the con- 
necting rods h b, which transfi^r the ifiotion to the cranks c c, 
lufhitig tfp^n a^^les ettaehed to the frfinne of the cafrt^fe. 
Upon tthie axles 6a wliidi these cnaiks &t6 fiiaed, At^ Jihti 
fixed the jpt&ion-wheels d d, which are ttrned ibund b^ .{h^ 
craaks ; the»e two pinion-wheels comvMinicate with a larger 
cog-wlieel, e^ in such a manner that both contribute in pio- 
ducing a rotatory motion in it. iThe axle of this cog-wheel, 
«, e^tfends <o the «mt*i4^ of ^6 frame x>f (he en^e, xttott upcrh 
the «tui of it is affixed tbe largst itootticd wh^l /*, ¥/bkh \h 
thvfi %\ii^Md rtHind ij the lai!ge ^og-Wheel, amd fconsequeDtl^ 
by Jhe action of Jthe engine ; ond the teeth of this cog-whee^l 
being made to correspond, will lay hold of the toothed pror- 
jections on the side of the rail, a progressive motion of the 
carriage is thereby effected. The ^team, after perftninitfg it^ 
office liL £he tijlind^, ^ ^Allovtod to 6t9es^e tdto the fttm^ 
sphere, -ihroHj^li the pip^ e. The hwlisgr ie ^ySndriefd, ini6 U 
heated by a circular itfbe ^passi^g tbroogh it, t£iBQ^ioated ^ 
one end by the ichimney. Tht toolhed or rack-raU is only 
laid on one side of the road, the other being common raila. 
The cog-wheels can be varied in si2e according to the dif- 
ferent velocity with which it is reqrifffed 'to tratfel. 



By tbe Use <tf tht« ^ddc^raU the engine h 
eitabfed to aSK)ead aed&vities wJaji^ Mr, T«s* 
yiTiit€t.'fi ^ngin^j from 4he vtatit of adhesioii^ 
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could not surmount ; accordingly its use is 
extended. 

Mr. Blenkinsop^ soon after the date of his 
patent^ erected some of his engin^SJ and em- 
ployed them upon the Middleton colliery Rail- 
road^ in sending coals to Leeds, where they 
have ever since been used. 

The engine erected by Mr. Trevithick had 
one cylinder only, and a fly-wheel, to secure a 
rotatory motion in the crank at the end of 
each stroke. An engine of this kind was sent to 
the North, for Mr. Blacrett, of Wylam, but 
was, for some cause or other, never used upon 
% his Rail-road, but applied to blow a cupola at 
an iron-foundry in Newcastle, Mr. Blackett 
however had, in 1813, an engine of this kind 
made, and set upon his Rail-road, which worked 
by the adhesion of its wheels upon the rails. 
Still the supposed want of adhesion formed tlie 
great obstacle to their introduction, and the 
attention of engineers was directed to obtain a 
substitute for this supposed defect. 

In December, 1813, Messrs. William and 
Edward Chapman obtained > a patent for 
a mode of effecting the loco-motion of the 
engine, by means of a chain stretched along 
the middle of the Rail-road, the whole length, 
properly secured at each end, and at proper in- 
tervalii. This chain was made to wind partly 



OF RAIL-ROADS; 131 

^rourtd, or to pass oyer a grooved wheel, turned 
by the engine, of such a form that the wheel 
could not turn round without causing the chain 
*to pass along with it. When this wheel was 
turned round by the engine, as the chain was 
fastened firmly at the end, it could not be drawn 
forwards by the wheel, the carriage was there- 
fore moved forward in the line of the chain. 

The carriages containing the gckxls were 
attached to the engine-carriage, and thus con- 
veyed along the Rail-road. 

At intervals of every eight or ten yards, the 
chain was secured by means of upright forks, 
into which it fell when left at liberty ; this was 
for the purpose of taking off the strain from 
part of the chain, when more than one engine 
was travelling by it. 

The chain was prevented slipping, when the 
grooved wheel was turned round, by friction - 
rollers pressing it into the groove. 

Mr. Chapman had one of his engines tried 
upon the Hetton Rail-road, near Newcastle, 
but it was soon abaiuloned ; the great friction, 
by the use of the? chain, would operate con- 
siderably against it; and also its liability to 
get out of order. 

In 1813, Mr. Brunton, of Butterley iron- 
wc^ks, also obtained a patent for a mode of 
ac<;ompIishing the loco-motion of the engine 

i3 
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without the aid of the adhesion pf the vrh^eli 
uppo the rail> and of which^ as it displays great 
fngeuuity^ I have given a drawing. 

Pig. 11. Plate IV. is a side-view of the engine. Theboikr 
was nearly similar to that of Mr. B leu Kai^ sop, setnicmnilar ; 
there was a tube passiing through it, to coiifaiik tbeiti^l The 
cylinder A was pW<>ed <» oaf sid? of the Mlor; tkp f istoo^ 
rod is projected out behind bnri^on^lljy^ slvA H att^ed tn 
the leg a 6 at a, and to the reciprocating lever a c, wbi«h is 
fixed at c ; ^t the lower extremity of the leg a,6, fieet are 
attached, by a joint at b; these feet lay a firmer hold upon 
the ground, being furnished with short proi^, Whieh pfe- 
ve»t them frovi sUppmgj and im suftdeiitiy broad to pre* 
v£iit their iiyarlag the road. 

On inspecting the drawing, it will be seeii that wbeu the 
piston-rod is pojected out from the cylinder, it will t^nd to 
push the end of the lever, or leg a, from it, in « direction 
parallel to the line of ^he <5y Under; but as the leg ah is prfr- 
vented from moving backwards, by the ^tvl b beittg firtnlf 
fixsod upon the gro^nct» ^he reaclio« is ^TPMra ^p^ the car- 
riage, and a progressive motion §iv«n U> it» and this will he 
continued to the end of the stroke. Upon t^e reciprocating 
line oc is fixed at 1. a rod, 1. 2. 3., Sliding korizontaHy 
backwards and forwards upon the top of the boiler ; trotii '2 
to 3 H is furnished with teeth, which work into a c^f 
wHe^l, lying honsontaUy : .«a the oppoisitft «kte fif this 
cog-whael a slidi^-rack is ixed, si«ailario 1, 2. 3. irbi(^H, 
as th,e cog-wheel is turned round by the slidiug rt^^ 
2. 3. is also moved backwards and forwards. The end 
of this sliding rod is fixed upon the reciprocating lever 
d c of the leg d e, at 4; When, therefore, the sliding rack 
^s maved forwjBPds in tih^ diredticm 3. 2. 1. Iff the pro- 
gres^iive motion of the engine, the opposite i»di, 4, » 
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mOYCMl ui the cofitr&ry dErdciieiit and dM leg cf e 13 tbeidj^f 
4aiwii to.wards |b6 Qn|iQe; ftP4 when the pilton-^rod ia at^e 
HEirthest extremity of the stroke, the leg d e will be brought 
dose to tjie engme : the piston is then made to return In the 
opposite drrection, moving with it the li^g a h^ and also the 
slidbgrack 1.2.3;; the slidihg rack acting on the toothed 
w&eely causes the other sfiding" rod to move m the contrary 
diredsipur, and wtth it the log «te. Whei«rrear» theeeford^ Att 
pistoa in at the^ extremity of the stroJ(e, and oneof tjbe le^ 
is no longer of use to propel the engine forward^ the, others 
immediately on the motion of the piston being changed, is 
ready, in its turn, to act as a fulcriim or abutment for the 
aetioQ of the movibg power, to secure the cmitinital progi^^- 
s'we motion of the en^e» 

The feet are liaised from the ground' during the return oC 
the legs toward the engine, by straps of leather or rope fast^ 
ened to the legs . at ff^ and passing over friction sheevesj^ 
moveable in one direodbn only, by a ratchet and ca^h ^^orkedf 
by the motion of the engine. The feet are described of va- 
lioijs iotoa» ia the sfeoificaliibiit the gt%ai objeet b^irigfO' 
prevent tbem from injiitriQig thQ road^ and to otbtaio a fiimi 
footing, t}iat no jicks should take place at the returns of th«^ 
stroke, when the action of the engine cama upon them \ for 
this purpose they were made broad, with short spikes to lay 
hold' of the ground. 

Iti a commaaicatjon to the editor of the /2e- 
pert^ry of Arts, yo\.^^ the patentee gives an 
account of an experiment made with one of 
those engines^ which he termed his mechanical 
traveiler ; the boiler was of wrought-iron, five 
feeJt six inches long, three feet diameter; the 
step was twenty-six inches long,, the piston- 
rod having a stroke of twenty-four inches ; the" 
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weig^ht of the M^ole 45Gwt: '' The 'machine 
being placed on a Rail-way^ I first ascertained 
the power necessary to move it at the rate of 
two ipiles and a half in an hour, which I found 
to be eighty -four pounds. I then applied a 
chain to the hinder part of the machine, by 
which, as the machine moved forward, a weight 
was raised at the same time and rate, and found, 
th^t with steam equ^^l to forty pr fprty-five 
pounds pressure on the squftre iijch, the machine 
was propelled at the rate of two miles and a half 
per hour, ^nd raised perpendicularly 812 lbs. 
at the same speed, thus making the whole power 
equal to 896 lbs. at two miles and a half per 
hour, equal to six horses nearly." 

About this time Mr. Blackett had consider- 
ably improved his engines, and by experiments 
had ascertained the quantity of adhesion of the 
wheels upon the rails, and proved that it was 
sufficient to effect the loco-motion of the engine 
upon Rail-roads approaching nearly to a level, 
or with a modeiiate inclination. His Rail-road 
was a plf^te raiU ^nd i^roi^ld consequently pre- 
sent niore friction or resistance to the wheels 
than an edge-rail ; and, on th9.t account, the 
amount of adhesion vould be gre^iter than up- 
on the latter rail ; still the credit is due to Mr. 
Blackett, for proving that the Ipco.-piotion 
coujd \>e applied by tjiat meo^ns aloi;ie. 
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The first attempt of Messrs. Trevithick and 
Vivian failed, and though this was no doubt 
owing to the imperfect construction of the 
engine, yet it appears that the cause was 
partly, if not wholly, attributed to the want 
of adhesion to obtain loco-motioii ; and hence 
we find the engineers attempting to produce 
othelr means of loco-motion. Mr. Blenrinsop, 
by means of a cog-rail ; Mr. Chapman, by the 
chain ; and Mr. Brunton, by means of move- 
able legs. 

It was, however, a question of the utmost 
importance, to ascertain if the adhesion of the 
wheels of the engine upon the jails were suffir 
cient to produce a progressive motion in the 
engine, when loaded writh a train of carriages, 
without the aid of any other contrivance ; and 
it was, by the introduction and continued use 
of them upon the Wylam Rail-road, that this 
question was decided : and it was proved, that 
upon Rail-roads nearly level, or with very 
moderate inciination, the adhesio9 of the 
wheels alone was sufficient, in all the different 
kinds of weather, when the surfstce of the rails 
were not covered with snow. 

Mr. Hedley informs me, that they first tried, 
by manual labour, how much weight the wheels 
of a common carnage would overcome without 
sloping, or slipping ground, upon the rail ; 
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aoiJ b^iog found the psoporUQ^ it bore, to the 

vr^tt, they thence a^perti^iiieid HvnX i)» v^ei§¥ 
qf the engine wpuld produce sufficient adhi^- 
^Qfi tQ 4^^ ^ft^J^ it, upoji tlveir BaJl-road^ «, re- 
q^ui^te number of waggojus. 

The ftrst engine applied upow t^^^ WylsMoa 
^ai^r9^d h^d only one cyliuder, ^th ^ fly- 
wliieel to reguMte tlie actipp of the owik j bij.t 
th^y weire fcfuijid to be very troublesome,, awd 
tbeir action very uncertain. Wheni the eu^oje 

was stopped, and the crank and connecting t^ 
lyft tjie ss.me Une^^ the power of tUe cylinder bad 
tj^ei^ pa effeclj in twuing tbe cwuk rquud:^ wd 
tlpi? engine bad to be maved by le^ets. ^^i^ 
%Q tb^ ^pp^jie^ of the fly-vicheel,. vv*t4 tbe ocwK 
foriw^, ai^dbk ^ apgle with tl^e oow«4ing ixk4 
tJtw^ the. e^gbie gpt suiftjii^ient power Us pKftdw* 
;sL rotaXQ,i;y mptipn, and urge itself fii^cwsMrd. Th^i 
occa^ioTied freqiieQt delays, and the irregubff 
uction of the single cylinder produced jfrifs in 
the m^achinery, and; had a tepdency tq s!^if^ 
t^4^ nji^c^ine ii^ pieces ; far some time^ ^iw- 
ever, t^e whole of the coals was. t^en dQw^ 
the Rail-ifoa4 by tbe use of this, kind of engj|l^. 
In the early part of the ye^.^ 1814^, an engine 
w.a^. constructed at Killingwort^, Colliery,, by 
IHi:. Geoece $T£fwcxsQN, and on the 1S5tb 4u^j 
18.14, was tried i^pon that RAil-rx>ad- TW« 
en^n^ had two cylinders, e?w:h eight iwlw 



<}ii^mf!)i(^4 and tiwa feet sftvok^ ; tbe boU^r wm 
cuFQulwr^ figjb^ feet \o^^%nd tUfty-fow kidkM^ 
diawcit^; th^ tabe tweuiy lAcbes^ dwiieterj 
pasisfiQ^ tbvougl^ tb« boU^. 

iR^ IBI. P1»fe IV. will »hew the muoBer by wKteh tSe 
flQiirei? of, ihfQfgioe wci9 acip)iBiiraca((Ml t9' the inKseb^ sad 

supporting the ^gpAe; B B, the fra^ne qf thQ csima^ci Q^ 
which the boiler is fixed ; a b and c c^ a.re the. connectiD^^ 
rods, similar to 6 c be. Fig. I., transferring the motion from 
Ihe pistoi> to- the epank. d« c. and d[f avsthe cranks* which 
tttm ik^ twei 9ttal]f e0g«>«li^eeil»: 0f^p tke omiife» aaie^ plkee^ fn 
Migk a posi|ijai»» vitb^ C996)ec|. tci> eie^lii odlier, timt; TiAm ove 
pC t^m is pier{veiidicul3kr« o? m s( liuf^ wi^U tl»€^ eooiiaotw^f 
rod^ the other is horizontal^ apd at ci^ht aag;le& tQ iX;. and 
this. arrangement is continually secured by the interposition 
of another cog-wheel, of the same size, and" working mtb 
tker ofth^ eog«whe«b', b and Ji 

T?r€k lunger eog^wh^ols^ H, asi4K»^sit9r'fixadb upon the axles 
gfthiQ c^mgige-whi^ls^ wHch, y^iiem i^ sm^U^whei^ e ^^'jf 
are tur^^ ppund, by the i-dts^tory- mojtioA o£ the craak,- aar^ 
also turned round, and with them. the, wheels of the engine. 

1^ ^be^9 ^ tl$8 ex^gism hei^ titum turned 
rQ^H^ upoH thek 9^1^ ih» fricstion af the rim 
^ ^ AjifHi^ls again^' &e railis bdbg- regulated 
by the pressure upon them^ and preventing' th« 
u:b^^. firoQ^ t^n^ing: op alidjn^ roitisudr lafxm the 
iaU> w^uld. n^ee^ffismly oau^fs 4|t^m: tof toll £sm:^ 
\^4«f aiQijg ti?k^ rail, «pith^$f producer a pro- 
J3?e$sw?iet ni^oft in the wgitt^r. / v. >- ^ 

If ti^Q pq^lfGK ^ec^msi^ to prodme, oi^ iha 
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resistance opposed to the progressive motion of 
♦the wheels, were greater than the ftiction or 
adhesion of the exterior surface of the peri- 
phery of the wheels upon the rail, the wheels 
would then slide round, and the engine would 
stand still ; but so long as the former does not 
exceed the latter, the wheels will always roll 
forward along the rails, and effect the progres- 
>sive motion of the engine. 
' In this engine, the small cog-wheels egf 
were each twelve inches diameter, and the cog* 
wheels upon the axles of the travelling wheels 
twenty -four inches diameter ; so that the cranks 
made two revolutions for one revolution of the 
engine-wheels. 

This engine was tried upon the Killingworth 
Colliery Rail-road, July 37, 1814, upon a 
piece of road with the edge-rail, ascending 
about one yard in four hundred and fifty, to 
draw after it, exclusive of its own weight, eight 
loaded carriages, weighing altogether about 
thirty tons, at the rate of four miles an hour ; 
and, after that time, continued regularly at 
work. 

The application of the two cylinders rendered 
the action of the engine regular, and secured 
the continual progressive motion ; thus reme- 
dying the imperfection caused by the irregular 
action of the single cylinder^and fly-wheel. 



OF RAIL-ROADS. 139^ 

When the engine had been at work a short 
time^ it was soon found that sufficient adhesion 
existed upon the edge-rail to perform the re- 
quisite traction to the load ; at firsts grooved 
sheeyes were fixed upon the hinder travelling 
wheels of the engine^ and similar grooved 
sheeves upon the fore-wheels of the convoy- 
carriage containing the coals and water^ with 
an endless chain working over each^ to procure 
the adhesion of the wheels of the convoy-car- 
riage^ in addition to the adhesion of the engine- 
wheels ; but^ on trials it was not found necessary: 
to resort to the aid of this contrivance^ as the 
adhesion of the engine-wheels alone was found 
sufficiently adequate to produce the desired 
ejBect. 

The communication of the pressure upon 
the piston^ through the means of the crank to 
the cog-wheels^ produced great noise^ and^ in 
some parts of the stroke consideAible jerks ; 
each cylinder alternately propelling or becom- 
ing propelled by the other, as the pressure of 
the ono upon the wheels became greater or 
less than the pressure of the other, and this, 
when the teeth became at all worn, caused a 
rattling noise ; for, when the leverage of the 
one crank became greater than the other, the 
latter was propelled by the other through the 
intervening wheels^ but when the former 
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approached towaiitfe^ the extiwmitfy of the sfroke^ 
fts leverage became less ttnd les*^, and the lever- 
age of the fetter became greater as the aifgie 
betweea the connecting rod and the crank 
iii^reased ; a»dt, at a certain pointy the lattei^ 
preponderated. When a change ki the ae^n 
took place, the former was propelled, and ^he 
la^r was the propefling^ power. If any play 
er space existed between each tooth of tine cc^ 
wheeb, Ifee transition of this power from one 
side of the- teeth ta the other, always oecastojied 
ai. jerk ; and this became greater as^ the feeth 
became mo^e worn, and the space be^een ea6h 
other greater. 

To obviate tihis became deMrafele, and Mr. 
Stephenson, in conjunction with Mr. Denn, 
to6k out a patent for a method of communi- 
cating the power of the engine directly tt> the 
wheels without the aid of these eog-wheek. 
The pa.tfent was dated Ffeb. 28, 1815, and con- 
skt^d of the application of a pin upon one 
of the spokes ctf the wheels that supported 
the engine, by which it travellfed upon- ffie 
Rail-road, &e lower end^ of the connecting 
i»od being attached to it by what is termed a 
baft and socket joint; the other ettd of the 
connecting red being atfiiched ta tibe cross- 
b6am> worked wp and down by the piston. 

« 6, Fig.W^ PiateW, represents the ooonecting; rod. 



tb^ eoia ajtiacbeA to the «»QS8-bjeaQi» and the and 6 to one 
of the spokes of the wheel ; in like manner the end d of the 
cpnAecp'ng rod c d, is attached to the beam of the other 
piston, and h atid c to a pin fixed in the spokes t>f ih^ 
wheel B. By (h^se means, the te<!iprdiuitkig motion «f ttik 
faton and otmteetiog^ rod Js eoD>Terjt^ hf the pib iipidi 
Ihe 'SpolEes ao^i^ as i| firatfk into a xotatory motiox^ and th# 
contipuatioaof thi^ ipotijoii secured by the one pin or crank 
being kept at right angles to the other, ^s Shewn hi the 
drawing. 

To effect this, the patentees hq.d t*w methods^ 
to crank the axle on which each of the wheels 
were &x:ed, with a conneotir^ coat between^ 
to keep them always at the angle^ with re- 
i^pect to each other ; or to use a peculiar «ort 
af endless chain, passing over a toothed wheel. 
Fig, V. on each axle. This endless chain^ 
which is now solely used upon these kind of 
engines, oonsisted at first of one broad and two 
narrow links, alternately, fastened together at 
the ends with bolts ; the two narrow links were 
always on the outside of the broad link ; <5on- 
sequently, the distance they were separated 
laterally would be equal to the breadth of the 
broad linrk, which yas generally about two 
inches, and their length three inches. The 
periphery of the wheels^ fixed upon the axles 
of the engine, were furnished with cogi^, pro- 
jectuig from the rim of the wheels^ (otherwise 
perfectly circular and flat) about an inch or 
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one and a-half inches. When the wheel turned 
rounds these projecting cogs entered between 
the two narrow links^ having a broad link 
between every two cogs, resting on the . rim of 
the wheel ; these cogs, or projections, caused 
the chain to move round with the wheel, and 
completely prevented it from slipping round 
upon the rim. When, therefore, this chain 
was laid upon these two toothed wheels, one 
wheel could not be moved round without the 
other moving round at the same time with, it ; 
and thus secured the proper angles to the two 
cranks. 

This mode of communicating the action of 
the engine, from one wheel to another, is 
shewn in the drawing of Fig. IV. Plate lY ; 
the wheels A and B having each projecting 
cog-wheels, round which the endless chain 
passes. This contrivance entirely superseded 
the use of the cog-wheels, and were without 
the jolts or jerks incident to them ; for, when 
the chain got worn by frequent use, or was 
stretched, so as to become too long, one of the 
chains of the axles could be moved back to 
tighten it again, until a link could be taken 
out, when the chain was moved back again 
to its former situation . 

An engine of this construction was tried 
upon the Killingworth Rail-road, on March 
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^th, 1815^ and found to work remarkably 
well. 

The next improvement by Mr. Stephenson, 
was part of the subject of the patent of Messrs. 
LosH and Stephenson/ so often mentioned 
previously, respecting the improvement in the 
rails and wheels. Considering, in general, 
the disappointments met with in the eventual 
. utility of most of the patents, this appears a 
rare instance to the contrary; more general 
benefit has been derived from the dilSerent 
contrivances, exhibited in this patent, than 
in any other on the subject of Rail-road 
conveyance ; and, indeed, than many on any 
other subjects, and certainly confer great cre- 
dit upon the patentees. The contrivance is 
very minutely described, in the specification 
of their patent ; and the advantage derived is 
very judiciously and very clearly stated ; I 
shall give it in their own words :; — 

'^ In what relates to the locomotive engines, 
our invention consists in sustaining the weight, 
or a proportion of the weight, of the engine 
upon pistons, moveable within cylinders, into 
which the steam or water of the boiler is 
allowed to enter, in order to press upon such 
pistons ; and which pistons are, by the inter- 
vention of certain levers and connecting rods, 
or by any other effective contrivance^ made to 
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beer upon the axles of Ibe vrheefai of five chf^ 
riage. upon which the engine rests. 

«?«€ FShjt. IV. P&rfe iV. *liew the cjUnders plftced itithin 
Ibettdtkr, one side of uliteh, ki Aie dttunng^ iBlMip|>«v66 
tote remold; to oxpose them to niew* Thegr itiie scmneil 
bj flanclies to one sid^ of the boileri «Bd pn^ect withiii 
it a few inches; asd are opea, at the top, to the steam 
or water in the boiler; g g g are solid pistons, fiUiog 
the interior of the cylinders, and packed in the common 
wfiy to resider them steatn*tight. The cylinders in the figure 
me dfown as cut thraogh the nftdcfle, to i^eir >tlm f)itftoMft. 
The cylinder is^ also, opda at the bottotal, md is screwed 
upon the frame of the engine^ as represented at a a. Fig. II. 
Plate V. The pistons are furnished with a rod, in a similar 
way to oflier pistons, inverted and securely fixed to it; the 
lb#er etod t)f Whidh passes through a hole in the frame 
irloch .«:tp(>(lrtB it^e engine, and presses upon ihe chtthi 
whiA resits On tke aw c^f the -wheels on v^ieh die carriage 
moves. The ohain has liberty to fnoye tip aod dewn miAi 
tlie piston*rod. When, therefore^ the steam presses upon 
the piston, the weight is transmitted to .the axle by the pis- 
ton-rod, atid the re-actiion of that pressure takes as much 
weight off the engine. If, therefore, the cylinders asre of suf- 
fieient orea^ve'tetlbe^pmtsnre of fbe ste&si «pmi libe wbole 
of the .pisX^Bs k e^vktl to Ae weigfejt «f die engioe, Ibe 
engine will be lifted up, ^s it wer€u or eatkeJy supported 
by the steam^ which thus forms a kind of spring.of the nicest 
elasticity. 

The weight of ihe es^me laraain^ die ^>eat 
obstacle to its intfoduction wbe^ the rails 
were weak, it was of the utnHifit imiioctalMse to 
find out some remedy. Mr. Chapman, « bis 
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patent for the application of a chain, described 
a plan of placing the weight of the engine upon 
two frames, supported by six or eight wheeb : 
and the Wylam engines, being heavier than 
the rails would bear, were placed upon eight 
wheels ; but the complication attendant on so 
many wheels, arid the unwieldy nature of such 
a length of framing, formed altogether sa n^any 
objections, as to render them almost useless^ 
as a species of moving poweri 

The application of the steam^beating cylin- 
ders divided the weight equally upoli the four 
wheels, and, if necessary, upon six wheels, as 
shewn in Fig, IV. Plate TV., and thus caused 
one frame to be sufficient, and, consequently, 
simplified, their consstruction proportioaably. 

Having thus given a s6rt of historical ac- 
count of the introduction of flie loco-motive 
engine^ its gradual and successive improve- 
ments, and, in doing so, described many of the 
detached partis entenng Jnto its construction, 
I fiball now proceed to describe the whole 
combined,, as fdrmirig the eri^n^ at present 
ih use upon the Killiilgsworth Rail -road. 

Fig, I. and 11. Flate V. represent a side and end view 
of one of the engines used upon the Killings worth Rail-road, 
with its conyoy-carriage, and a portion of a waggon, being 
a part of the train of carriages constituting its load. 
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, The boiler is of malleable iron, cylindrical with bemis- 
pberical ends. A cylindrical tube passes through the 
boiler, within two inches of the bottom; in one end 
of the tube the fire is put, and the other end is ter- 
minated by a chimney. The grate, whereon the fire is 
laid, is placed rather below the middle of the tube, and 
reaches about four feet within it, resting at the further 
end, upon a narrow partition of brick, closing up the lower 
side of the tube below the bars. F, Fig. II. shewif the fire 
door, which, at the tube end of the fire, closes up the upper 
side of the tube, thus forcing the air through the fire in the 
usual manner. The boiler rests upon a square frame of 
malleable iron, supported by the steam cylinders a a, 
previously described, two on each side, seven inches, 
diameter ; the cylinders are partly placed within the boiler, 
as shewn in the drawing, ' and are nine inches diameter, 
and lined on the inside with sheet copper ; the piston-rods 
ifork through stuffing boxes, in thie usual way, and are 
attached to the cross-beams B B and C C, sometimes 
fojrmed of one piece, and sometimea of more than one, as 
represented in Fig. II. The rectilinear motion of the piston- 
rod is secured by the slides s s 8 s^ fastened to the project- 
ing arms c c, cast upon the top of the cylinder, aiid kept 
perpendicular by the braces b b. 

The connecting rods D D and C D are fixed upon the 
ends of the cross-beams by ball and. socket joints ; and, 
at the other end, by similar joints,* to a pin fix^ in oi^e of 
the spokes of the engine-wheels, at D JX ; to strengthen 
this spoke, a circular piece of metal attaches the two 
adjoining sppkes with it.. 

The wheels; as shewn in the drawing, are four feet diamer 
ter^ and are made of cast-iron with circular naves, rimmed 
out to fit the axle, and fastened to it by means of iron keys. 

The axles are of wrought-iron, about three inches and 
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a half diameter, and' are turned perfectly round at each 
end, where the chair comes upon, and also at the extreme 
end where th^y pass into, the nave of the wheel* 

The chairs, on which the engine rests upon the axles^ 
are made of brass, four inches broad, and reach to the 
semi-circumference of the axle ; as before explained, they 
are at liberty to move up and down, to conform with the 
inequalities of the road : two of these chairs are fixed upon 
the frame of the carriage, and the other two are moved 
backwards and forwards by a sliding groove upon the 
frame, to keej> the chair sufficiently tight. 

The frame is made of wrought-iron, welded together : on 
this the bearing cylinders are fastened by bolts, with a 
joint perfectly steam-tight. 

The steam is communicated, from the boiler to the cylin- 
ders, through a passage, the area of which is regulated 
by the sliding lever, or handle, cFiff.l. which, of course^ 
restricts the quantity^ and regulates the velocity of the 
engine. The steam is admitted ta the top and bottom of 
the piston, by means of a sliding valve ; which, being moved 
up and down alternately, opens a communicatioi^ between 
the top or bottom of the cyhnder and the pipe dd, that 
is open into the chimney, and tuma up within it.. 

The steam^, after performing its- office within 
the cylinder^ is thus throwa into the chimney ; 
and the power with which it issues will be 
proportionate to the degree of elasticity; and 
the exit being directed upwards, iEiccelerates 
the velocity of the current of heated air accord- 
ingly. 

The action of the steam-engine is now: m> 
vrell known, that it will not be necessary 

K 3 
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to describe the mode by which the recti- 
linear motion of the piston is converted into 
the rotatory one of the wheels^ and the pro- 
gressive motion of the carriage thereby affect- 
ed : il slight inspection of the drawing will con- 
yfi&y to those who have the slightest knowledge 
of machinery, the manner in which it is dane> 
as nothing can be more simple and effective. 

The sliding, or steam valre, is opened aaid slimty aithe 
propex periods, by the foUowiny confariyance; Oy F^^V. 
Plate lY., represeiits the axle of the traveUiDf^ wheels of 
the carriage; a 6 is a lever fastened upoo, and ttiming 
round, at the same time with it; 6 c is a circular opening 
in the eccentric circle d e, within which a pin, attached to the 
end of the lever a fr, is at liberty tamotve; tkas eccentric cirde 
is Iti^se upon the axle of the carriage, and is only turned 
round when the pin, at the end of the lever a b, arrives «t 
6ao, according to the direction in. whidi it is moving; a 
circular hoop, or strap of iron^ fits the circumference of the 
..eccentric motion, connected to thelever/f A,.whieh is moved 
backwards and forwards. as the a^le turns round; as this 
lever is moved, its motion is communicated to the arm ik, 
as shewn in Fig. I. Plate V. also, and through it, by the 
lever k I and rod / m, to the cross-head m n, and so to the 
rod nO) of the sliding or steam valrre, whiek, as the eai^ 
ri^ge i& iiKHred forward^ is thus slided up and down to open 
and shut the communication between the two sides of the 
cylinder and the boiler, at the proper periods. 

Before the application of this mode the mei^ 
caire^«asi eife)(S(ed by a^square box or tumbler. 
Jtvieem^ to me, ftoin the irregukiily of tbQ 
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iioke^ caused by the exit of the steam iat^ 
the atmosphere^ that the chattges ^ere not 
made 9i the proper time of stroke, and I ap- 
plied this as a sort of experimental plan^ by 
which, on altering the screws h and «, the 
steam could be thrown into the cylinder at ai\y 
time of stroke. I soon found that there wa? 
a certain time, at which the opening into the 
i^ylinder should be made, when the effect ww 
the greatest; and, as the common tumbjer did 
not effect this at the same period of stroke 
when the carriage was moved in both direc- 
tions, I retained this mode of working the slides 
permanently. 

p ts the man-liole door, to have accei^ into the interior 
of the boiler ; t; i$ the safety-vaUe, to allow the ^teamt^ 
escape, when the elasticity becomes toa great. It is 
loaded with the weight W, corresponding with the pres- 
sure of steam, which it is found requisite to retain within 
the boiler. 

The boiler is supplied with water by means 
of a small forcing-pump, P^ fixed to the side 
of the boiler,, and worked by the rod r, attach- 
ed to the ^ross-beam of the engine. The diar 
meter of this pump is yery smalls so that the 
quantity of water injected shall not reduce the 
temperature of steam in the boiler, so as to be 
injurious^ and prevent the regular supply of 
steam to the cylinder. The quantity of water 
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tequired not being greats it is pumped in at 
proper intervals^ when the draught is easy, and 
when the pressure, for the load of steam, is not 
Required to be very great. 
' When the engine is used for travelling, the 
boiler is inclosed within a wooden covering, 
consisting of thin narrow deals, to prevent the 
radiation of heat; when this is not done, the 
•wind has great effect in reducing the tempera- 
ture, by the rapid abstraction of heat. 

The water and coals, required for the regu- 
lar wants of the engine, are carried in the 
convoy-carriage Y, attached to the engine. 
The size of this, and the quantity carried, 
will, of course, depend upon the length of the 
"Stages the engine has to travel, or the conve- 
Ifiience of obtaining them . 

The train of carriages moved by the engine 
is most frequently attached to the convoy- 
carriage ; but the engine can, also, drive the 
carriages in the front, by propelling them 
forward ; but this is very liable to drive the 
carriages from off the road, especially when 
turns or curves in the line of the road occur. 

The endless chain, for keeping tlie cranks of 
the engine in the proper angles, with respect 
to each other, are different from those pre- 
viously described. Those, in this engine, are 
formed alternately of a circular and a flat link ; 
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by examining the drawing. Fig. I. II., it will 
be seen that the teeth, or projections of the 
wheel, protrude themselves within the flat 
linksj while the round links fall into circular 
cavities between the teeth. The advantage of 
this form of chain is, that the circular links are 
at liberty to move round, and thus present a 
different surface to the teeth of the wheel, 
so as to equalize the wear. Many plans 
have been devised to obviate the use of 
this chain, but nothing superior has yet 
been devised. The friction is comparatively 
trifling ; the links, falling as it were into their 
places without sliding, occasions little wear, 
and, consequently, produces little fiiction . 
The proper length, as before stated, is effected 
by the removal of one chair, or one of the 
pair of wheels further from the other, by which 
the chain is tightened, until it admits of a link 
being removed, when the wheek are again 
brought to their former situation. 

The locomotion of this engine, as will be 
perceived, is effected by the action of the 
wheels upon the rail, without the aid of any 
extraneous mechanism, and consists of the hold 
or adhesion of the surface of the wheels, against 
the surface of the rail. The rationale of the 
action will be very evident, by an inspection of 
the drawing ; the power of the steam in ihe 
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cylinders^ is employed to turn the wheels of the 
epgine rounds by a pin fixed in one of the 
spoke9 of the wheels and acting as a common 
crank ; these wheels, resting on the rail, press 
upon them with a force equal to the weight qf 
the engine, divided into the number of wheels; 
thus, suppose there are four wheiels, then the 
pressure pf the periphery of each wheel, uppp 
the surface of the rail, |s esqual to one-fouirth 
of the weight of the engine. Now it is well 

known, that when two sur&ces are in contact^ 

• • • 

and subjected to a certain pressure, it requires a 
certain force to cause them to slide upon each 
other ; that properly, in bodies, to resist ^slid- 
ing, is called adhesion of the surfaces. Sup- 
pose, then, the power of the cylinders be em- 
ployed to turn the wheels of the engine round, 
this property of bodies, in contact, will prevent 
the wheels of the engine from sliding upon th^ 
rail, "^ith a force equal to their weight or 
pressure, and they will necessarily roll along 
the surface. If, however, the progressive 
motion be opposed to a retarding force, greater 
^han the force or power of adhesioQ^ then the 
fsur&ce^ will slide upon each other ; and die 
rotatory motion of the wheels will be continued 
without ejOPecting a progressive motion of tl^e 
engine. 

The power by which the engine propels 
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itself forward^ or by which the prpgressiye 
motion of the engine is effected, is, therefore, 
the adhesion of the sur&.ce of the wheels upon 
the rail ; and the reader will perceive ^hat this 
ppwer is acquired without in the least affecting 
or adding to the resistance. The resi^tanqe, or 
friction of the wheels upon the rail, would be 
the same upon ^e wheels of any other car- 
riage, of ^e same weight, as upbn the wheels 
of the engine when propelling itself forward ; 
^d this is fiqt mere supposition, for, inxomr 
paring the space passed over by the engine, 
with a given number of revolutions of the 
wheels, no sensible distance was lost, which 
proved Uiat no sliding took place. 

By knowing the amount of adhesion upon 
surfaces, in con]tact with each other, we might 
deduce the power of adhesion presented by 
the rail to the wheels of the engine, and this 
would be the power required to cause the 
engine to slide along upon the rail, supposing 
the wheels ^ere prevented from turning rpund. 
This, however, is by no means constant; at 
one time the rails are quite dry, at another 
quite wet, at other times partly both, and 
sometimes slightly covered with ^ film of mud j 
in all of which cases the amount of adhesion 
varies ; to deduce to any data of practical uti- 
lity, we must, therefore, ascertain the amount 
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in all the different states of the weather ; I 
shall afterwards give an account of some ex- 
periments made to ascertain this point. 

From the nature of this kind of motive 
power, it will occur to the reader, that the 
ascent in the line of road must never be such 
as vrill present a resistance to the engine, equal 
in amount to the adhesion of its wheels upon 
the rail ; the limits of their action will, there- 
fore, be within certain lines of road, nearly 
approaching to a level, or receding little from 
it. When the amount of adhesion shall have 
been ascertained, we will be able to fix this 
limit. 

Since writing the foregoing, I have been 
favored with a drawing of one of the engines, 
at present used upon the Wylam colliery 
Rail-road, previously noticed; which, as its 
construction is different from the Killingsworth 
engines, and adapted for a plate Rail-way, and 
beings also, supported by eight wheels^ think- 
ing a plan of it might be usefril, I have made 
a plate of it on a larger scale. 

• 

Plate VI. will shew a side-view of this engine ; B I'epre- 
sents the boiler, which is circular, with one hemispherical 
and one flat end# The tube in this boiler does not pass 
directly through and terminate at the chimney, as shewn in 
the othei* engines, but passes from the end a to the end b 
of the boiler, and then returns back again to the chimney, 
at the end a, thus forming a double tube in the interior 
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%f the boiler. The fuel id put in at the end a, and /shews 
the dep6t containing the coals, constituting the supply for 
one trip or journey. 

c is otie of the cylinders affixed to the side of the boiler ; 
immediately opposite to which, on the other side of the 
^iler, the other cylinder is placed. A A are two beams, 
fixed at one end D, upon the upright frame £ E. The other 
ends moveable up and down, by means of the piston-rod F; 
the reiittlinear motion, within the cylinder, is effected by. the 
parallel motion P P, in the usual manner. The cylinder, as 
shewn in the drawing, is cased with wood, to prevent the 
radiation of heat from its exposure to the air. G G is tf 
-square frame of wood, on which the boiler is supported, and 
which is itself supported by the upright transverse bearings 
K K upon the two separate frames H H and 1 1. The 
upright bearings, K K, are placed across the square 
iVames, exactly in the middle, so that each of the respec- 
tive pairs of wheels, on which they rest, bear equal portions 
of the weight. The transverse supports, K K, are fastened 
to each of the frames H H and 1 1, by bolts in the middle, 
which allow a lateral motion in the frames, to conform 
with the occurrence of curvitures in the line of the road. 
Underneath the frame G G, and stretching across it from 
one side to the other, an axle, N, is placed, upon which, at 
each end,, the two cranks are fixed ; N M will shew one 
attached to the connecting rod LM, moveable upon the 
beam at L. These two cranks are placed upon the axle at 
right angles to each other, so that, when one is perpendi- 
cular the other is horizontal; thus securing the constant 
action of either one or other of the cylinders upon the axle, 
to effect its rotatory motion. 

Upon the middle of the axle on which the cranks are 
placed, the continual roratory motion of which is kept 
up by the engine, a cog-wheel is fixed, as shewn in the 
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drawing, which is, consequently, turned round, and partakes 
of the motion pf the ierank-axle. This wheel works into 
another immediately underneath it, which last again works 
into one on each side, and these again into others, as repre- 
sented in the 6gure ; and thus the rotatory motiiui is com- 
municated to the carriage-wheels, which, by the adhesion 
of their peripheries upon the rails, effects the progressive 
motion of the whole. 

W shews the cask containing the water, to afford a regu- 
lar supply to the boiler, which is pumped into the boiler in 
the same manner as explained in the other engines. 

After the steam has performed its office in the cylinders, 
it is allowed to escape into the pipe r, communicating with 
the circular reservoir S, into which* it expands, and then 
makes its exit into the chimney by the pipe r'. 

The action of this machine will readily be 
understood by an inspection of the drawing : 
in principle, it does not differ from those $diewn 
in Plate V . the progressive motion of both be- 
ing effected by the adhesion of the travelling 
wheel upon the rail. The mode of working 
the beams differ, and also the way of commu- 
nicating the motion and power of the engine 
to the wheels; the Rail -road on which these 
engines travel, being too weak to support tjie 
weight divided on four wheels, recourse was 
obliged to be made to eight wheels; and 
this rendered the? use of so many cog-whqels 
necessary, to obta^Hn the adhesion of the whdle 
weight of the engine. 
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This circumstance adds much fo the com- 
plication of th€ engine^ which, of course, 
increases the friction by the multiplicity of 
eog^-Mrheels and other moving parts. Whe^ 
the Rail^road is sufficiently strong, the c6h« 
struction of . an engine, to travel upon the 
plate-rail, need not be varied necessarilyji 
except in the form of the rim of the wheels^ 
to suit the sur&ce of the rails. 



CHAPTER V. 

ACCOUNT OF EXPERIMENTS ON THE STRENGTH 
OF CAST AND MALLEABLE IRON-RAILS. 

Cast-iron, since it supersediE?d the use of 
wooden^raik, has been* most extensively used 
in the* construction of Rail-road. A^ usual 
in like cases^ at its first irttrbdUctioh, coii* 
isiderable opposition was made to its use-^ 
itl9 brittleness and liability to break-^its cut^ 
ting* the wheels:, when in the form of edge- 
ridlSi and several other objections, were tifg*d 
against it ; time and experience have, hoWev^, 
coMrmed it^ utility, and extirpsitied those' pre- 
judice^. Though iti^' nature reiidfets it liable 
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to breaks when subjected to sudden blows^ ^nd 
its strength is considerably affected by the 
unavoidable occurrence of air-bubbles, and 
other imperfections in its organization; yet 
still we are enabled to form a Rail-road with 
it, on which weights of considerable magni- 
tude can be conveyed, without much risk of 
breakage. 

It is a consideration of paramount import- 
ance, in the construction of a Rail-road, to 
form it of such materials as combine strength 
and durability with economy. Cast-iron, while 
its hardness presents a surface that opposes 
little obstruction to the wheels of the car- 
riages, forms a substance which is also very 
durable, and resists the action of the wheels 
with great effect. Its brittleness forms the 
only source of reasonable objection ; and, as 
that cannot be obviated without increasing the 
section of the rail, and adding to the weight, 
and consequently to the cost, has lately pro- 
duced an innovation in the material, in the 
substitution of a particular form of malleable 
iron-rails, the tenacity of which resisting sud- 
den fracture, therefore obviates the danger, 
inconvenience, and cost of the breakage of 

cast-iron. 

lu: describing the different kind of rails, 
used ia the cqus^tructipn of Rail -roads, I have 
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.preyiously given the opinion of some engineers 
on the comparative merits of cast and mallea- 
ble iron-rails ; there is, however, a great deal 
yet wanting, in a practical point of view, 
more than mere opinion. There are wanting 
experiments to prove the different properties— 
their strength, durability, and the resistance 
to the carriages moved along them. It has 
been my wish to supply that defect, so far as 
the ppportunities within my reach have ena- 
bled me; I regret to say, howeyer, that my 
investigations have, as yet, not reached beyond 
the first, at least in the shape of experiment. 
The ultimate wear will require time to eluci- 
date; p,nd I have not yet had an opportunity 
of ascertaining the , comparative resistance of 
carriages moved along them. I shall, there- 
fore, at present confine myself to their relative 
strength, as ascertained by experiment^. 

The niost general form of the edge-i;ail is 
that of a parabola on the under side, the 
upper side being quite straight. The atten- 
tion of mathematicians has not been much 
occupied in this particular case, or in demon- 
strating the strongest form of section when the 
weight is rolled along the surface. When 
the beam is supported at each end, as is the 
case with a rail, and loaded in the middle. 
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the upper being quite straight^ the line, 
bounding the uftder side ih the form of section, 
usulilly considered the stron^e^t,; is tha* of two 
semi-patebolas^ the vertex being the point 
wher6 the force acts ; but, in the case of di 
weight rolled along the Rail-road, the pressure 
is occasionally acting throughout the whole 
length. On that account^ perhaps, the line 
bounding the under side should be that which 
presents the greatest strength^ when the beani 
is supported at each end, and loaded equlEiliy 
throughout the whole lengthy which is a semi- 
ellipse. 

The want of a practical treatise on the 
strength of cast-iron^ and on the various fomis 
of ^ecliOn^ suitable for beams,, acted upon in 
different ways, was, until lately, veipy much 
felt. Mr. Tredgold has, in his treatise on the 
strength of cast-iron, supplied that want^ and 
given numerous practical examples On the 
subjects. The reader, who wishes to inform 
himself farther on the subject, will 6nd some 
very usefal information in thiat work. 
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STREflGTH OF RAILS. I6t 

Account of some ExperimenU made at Walker 
Foundery, near Newcastle-upon-Tyne ^ the pro -> 
perty of Messrs. Losh, Wilson, and Bell^ 
on the strength qfcast-nron raits r 

The rails were all cast from the same 
pattern, the difference in weight being acci- 
dental. Section similar to Fig. I. and lU., 
Plate IL, two inches and a quarter broad on 
the upper side, and tapering away to one inch 
and a half in the middle^ and again swelling 
out at the bottom into the square c^ 6, each 
side of which is seven-eighths of an inch. Ex- 
treme depth, in the centre, six inches, gradu«» 
ally decreasing towards the ends, or points of 
supports, in a parabolic form, to four inches. 
In the experiments the rails were fastened iik 
the usual manner to the chairs^ which were 
fixed upon beams of wood. 
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EXPERIMENT I. 






1 

2 
3 
4 
5 
6 



7 
8 
9 

10. 
1 

\% 

IS 

14 

15 

16 

17 

18 

19 
90 
81 
S8 
23 
24 

25 
26 
27 



28 
29 
90 

31 

32 



-Drtcrfptloii of 
metal. 



No. I, metal A... 

Ditto 

Ditto 

Ditto 



No. 1, A^ same 
kind ai pre- 
ceding mixed 
with old metal ^ 

No.' 1, metal 6.7. 
Diito 



Wgt. 

of 

each 

rail. 



No. I . B, mixed 

with old metal ^ 
No. l^metarc... 
Ditto. 



\ 



No. 1, C, mixed.. 
Ditto 



No. I, metal D... 

r- Ditto..... 

No. 1,D, mixed) 

with old metal y 

No. 8, ditto D.. . . 

Ditto..;.. 



No. 3, ditto D.... 
Ditto 



No. I, metal E.. 
Ditto.... 



No. 1, E, mixed 
with old metal 

Rail cast-iron 
different kinds 
of metal, close 
fracture «_ 

Do. open fracture 

Rail 4 feet long.. 

— 3 ft. lonff. 
No. 2, metal 

— 3 ft. Welsh > 
metal f 

— 3ft No. I, 
fflctal 



• « 

} 
} 



57 
58 



33 
33 



cwts qrs lbs 

126 3 

99 3 0< 

108 3 0| 

122 1 

148 2 0) 

144 05 



55 
67 
57 
57 
55 
55 
56 
57 
56 
56 
59 
56 
56 
55 
57 
56 
56 
67 
55 
55 



I 

13 

7 

8 



4 



3 

1 

9 

14 

13 

12 

13 

14 

6 

2 

6 

10 



55 8 



Weight 
which pro- 
duced frac- 
tare. 



113 
99 
162 
149 
150 
130 
184 
162 
113 
117 
207 
180 
95 
99 
104 
113 
128 
135 
148 
126 



33 








1 
3 
3 
1 

3 

o 

2 

1 
3 
3 
3 
1 
3 
1 
I 
I 

2 




SI 



^ L i l I H ■ !■ 



135 3 

99 3 

120 14 

98 2 14 

100 3 14 

107 2 14 



Ave- 
rage 

wguof 
each 

kindut 
rails. 



lbs oz 



65 9 



59 10 



56 
57 
55 
56 
56 
58 



56 



57 
56 



55 



6 

10 

4 

10 

2 

4 

5 

5 

12 

8 



Average 

strengtli of 

each kind of 

rails. 



cwts 
114 



qrs lbs 
I 14 



146 14 




Belatlv^ 
strength of 
mixed and 
anmized 
metal, spe- 
cifiegravttv 
considered. 



146 182 



156 106 



173 128 



194 119 



137 144 
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In cotnparing the strength of the different 
rails with each other, we find a great varia- 
tion!, not only between the different kinds of 
metal, but also in rails cast from the same 
metal. The only constant and regular law 
appears to be, that the weight, or specific 
gravity of rails, formed of a mixture of different 
kinds of metal, is uniformly greater than of 
one description of metal separately, and also 
that such a mixture makes the rails invariably 
stronger. This is a very useful discovery, and 
enables the founder, by mixing different metals 
in the proper proportions, to form a rail much 
stronger with the same weight of metal, than 
could otherwise be done by casting them of 
any particular kind of metal alone. 
. The depth of the middle section. of the cast- 
iron rail renders them very rigid, /and the 
deflexion is comparatively trifling before frac- 
ture. The recorded weights are those which 
produced fracture. In loading the rails, the 
weights should of course be much less than 
that which breaks the rail ; inequalities of the 
rottd, or occasional obstacles occurring upon 
the surfaces of the rails will sometimes produce 
jerks or shocks to the wheels of the carriages, 
and the re-action will transfer those to the rail^ 
and cause blows which, from the brittleness of 
the material, will be very liable to produce 

l3 
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fracture. In the form of carriages^ toOj placed 
upon four wheels^ the weight upon any one of 
these wheels is ftiF from being regular. The 
frame of the carriage is necessarily made sc[uare^ 
and the sides quite parallel to each 6ther> 
and are kept permanently so by the sides 
being firmly bolted or fastened together. The 
bearing section of the wheels is, therefore, 
perfectly square and parallel: when the road 
is not similarly square and parallel, (and 
which, in practice, is seldom or never the case,) 
the weight of tlje carriage will be frequently, 
if not always resting upon three wheels only ; 
and, in many instances, when a diange in the 
parallelism of the rails takes place,^ upon two, 
on opposite, sides of the carriage, the transition 
of the weight from one wheel to another will, 
therefore, produce a continual succession of 
blows or shocks to the rails, which will be 
productive of considerable injury, and occasion 
frequent breakage. 

. From these causes, and others which it is 
not necessary to mention, we find that it is not 
practicable to subject the rails to a greater load 
than is considerably within the limit of their 
absolute strragth. In the preceding experi- 
ments, the least weight of the rails formed of 
a mixture of metals is. seven tons, and of the 
unmixed rails fiVetons ; arid the rails were of the 
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Bize and weight for a Rail-road^ ou which the 
carriages that passed upon it were inteikd^d i^ * 
be four tons, supported upon four wheels. 

In extreme cases, when the inequalities of 
the road throws the weight from one wheel to 
another, the greatest strain upon any one rail 
cannot amount to more than two tons ; there- 
fore, the proportion which the load that can 
be carried with perfect safety bears to the ab- 
solute strength of the rails, is, in the one case^ 
3.5 : 1, and, in the other, 2.5 : 1, but, as it may 
be supposed that a mixture, of metals will be 
mostly used, . we may, in practice say, that the 
strain to which the rails of any Rail-road should 
be subjected by the load^ ought not to amount to 
^nore than about one-third of their absolute 
strength^ or of that weight which toould produce 
fracture. 

This will force a rule sufficiently accurate for 
practice, and being easily comprehended by 
any one, will, I trust, be found useful. 1 shall 
now give some experiments made on the 
strength and flexibility of malleable iron-rails. 
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Account ofnome Experiments on the strength and 
flexure of malleable iron-rails, made, at Bed- 
Unglon Iron-workSy Dec. 6th, 1824. 

Section of rail similar to Fig-. IV. and V. 
Plate II . ; distance between tbe supports three 
feet; depth in the middle 3-?5 inches, tapering 
away, at each end, to 3^: ijiches; breadth at 
top 2^ inches; thickness about |-ths of an 
inch ; weight* per yard 28 lbs. 

The; rail wfis nine feet long, fastened to the 
chairs three feet a piart, in the same yiray fis in 
forming the road; the rail was inverted, and 
the extremp ends rested upon two blocks ojf 
timber, the direction of the strain being up- 
wards, and applied at the middle of the bear- 
ing. 

The rail was made of scrap-iron, and tal^en 
promiscuously out of a heap of rails intended 
for the Darlington Rail-road, 
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EXPERIMENT II. 



Weight 
io cwts. 


Deflexion 
in inches. 


28 


.06 


56 


.11 


84 


.2 


112 


.35 


126 


•47 


28 


.11 


126 


.47 



131-5 

56 
126 
140 



154 



.115 
.48 
.63 



.92 



REMARKS. 



On the weight beiDg removed it itumediatdy 
resumed its original form ; .and to ascertain if any 
injury had taken place, the follow ing experiments 
were made. 

When the weights were taken oif, the bar again 
returned to its original form ; the weights were 
then replaced^ and the successive deflexions cor- 
responded with the respective weights as in th^ 
'former experiment, 

.57 ^ When uoloaded it came back to its original forni. 



Hie weights were again applied, and the respec- 
tive deflections fougd as described ; the m eights 
were allowed to remain on for some time, and, oh 
being remoyed, a permanent deflexion had taken 
place of ,0035 inches. 

On the weights being ^gain add^d, the deflex- 
lions were nearly similar to those previously ob- 
served. When loaded with 154 cwt. the deflexion 
was found as stated ; the weights were then re 
moyed, and it was found that Uie bar had acquir* 
|ed a permanent bend of .24 inches. The rail ^Id 
not appear otherwise injured. 
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EXPERIMENT III. 



Rail, three feet long, merely laid upon the supports, 

without being fastened. 



Wi^8 loaded with 112 cwt., and, on the weights being 
removed, it returned to its original form. The weights 
were again laid on, and, also, an additional quantity, 
amounting to 127| cwts. which, when taken off, the bar 
again came to its original shape. It was then loaded 
with 140 cwt. which, on being removed, was found to 
have given a permsment deflexion of .25 inches* 



The reason of tiie variatipn^ in the mode of 
subjecting the bar to the strain^ was to aseeri- 
Uun'^lthe differen,ce iin stren^h between rails 
merely laid upon^ and those fastened to^ the 
supports. The superiority is in favor of those 
fastened to the supports^ which shews the 
advantage of Icmg ban^ and^ consequently^ 
of forming the malleable iron- rails into long 
lep^ths. 

The limit of permanent elasticity^ in this 
jkind of malleable iron-mil^ appears to be 
a^Uit sax tons; but^ when loaded with this 
weight, the deflection, in the nuddle, ,»nount. 
/ed to nearly h^Jf an iAch. This rs^il is mfule 
to carry the same load as the cast-iron rails 
previously described ; the extent of the straii^ 
by the carriages will, therefore, be two tons, 
which will produce a deflej^ion of ^bout one- 
mntl;i or one-tenth of an inch. 

The limit of permanent elasticity Ui this rail^ 
as will be observed, is nearly equal to the limit 
c^ absolute strength in the cast-iron ; but the 
former, from the nature of the material, m*y 
be loaded much nearer.tlxe limit of its perma- 
nent elasticity than the latter may, with regar4 
tp its greatest strength. 
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CHAPTER VI 



EXPERIMENTS MADE ON THE FRICTION ANB RESI^T^ 
ANCE OF CARRIAGES MOVED ALONG RAIL-ROAB6. 

In all carriages^ moved along rail-ways^ or 
other roads^ tbere is always a certain obstruc- 
tion or resistance to their progressive motion 
upon the road^ arising fr<^m the attritioii of 
Iheir rubbing parts^ and the acting of thp 
vrheels upon the road; and this retardation 
is denominated the friction of the earriage^^ 
and 'Which will be greater or less in prc^ortion 
to th<e extent of rubbing action compared with 
Ih^ weight of the body. 

The resistb^nce opposed to the motion of all 
wheel-carriages is distinguishable into two 
separate causes — ^Tlv9,t arising from the pres- 
syre or 9,ttrition upon the a^^les^ and thiat of 
the obstruction to th^ roHing of the wheels 
upon the nkU. 

In thQ case of a common sledge^ or a body 
4i^ged ajo^ the aurfaee of a plane, the 
whole weight of the . body is exposed to attri- 
tioi|> throughout th^ totol length of the plane ; 
th« velocity of the nibbing parts b^ng equal 
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to the progressive motion of the body. On 
the contrary, if the body be cylindrical, and 
be rolled along the plane^ no part of it is 
subjected to the action of attrition, the only 
resistance being that produced by the rolling 
motion of the periphery upon the plane; 
which, when the surfaces are smooth and hard, 
is very trifling. 

Suppose now a cylinder, . instead of- being 
uniformly solid, - to be composed of a number 
of concentric circles or cylinders, one, within 
another; if this body be . rolled along the 
planer upon the periphery of the exterior or 
outer cylinder, the velocities of the perr- 
pheries ofthe respective cylinders, around the 
centres/ will be in the ratio of their diameters. 
Let the. interior cylinder, or that nearest the 
centre of motioi\, be of finite diameter; then, 
if we cause the cylinder ; to rdil along the 
plane upon the periphery of the exterior- cylin- 
der, and place the body or carriage to be 
moved upon the periphery of the inner 
cylinder, the velocity of the rubbing surface, 
or extent of attrition, compared ~ with the 
extent of rolling sur&ce, or progressive mo- 
• tion of the body, will be in the ratio of the 
diameter, of the inner to that of the exterior 
tcylinder. ^ In all wheel-carriages, therefore, 
'the interior cylinder represents the axles, and 
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lie exterior the wheels of the carriages, and 
he extent of rubbing surface; and, of course, 
.he friction of the carriage is diminished in 
proportion to the difference of the size of the 
axles compared with that of the wheels. 

It follows from this, that the extent of 
rubbing surface, and consequently the friction 
of that part of the carriages moved Upon 
Rail-ways, which arises from the attrition 
upon the axles, will be in the inverse ratio 
of the diameter of the wheels to the^xles. 
The extent of rolling surface, arising from 
the action of the wheels upon the rails, will 
always be the same whatever be the diameter 
of the wheels; but, as large wheels more 
easily surmount obstacles presented to them 
than wheels of small diameters, the former 
will always be preferable, as plso diminishing 
the obstacles to their progressive motion. 

Whenever two causes combine in producing 
a certain effect, unless we can subject them 
separately to the test of experiment, it is 
difficult to distinguish how much belongs to 
one, and how much to the other; and this is 
the case in the present instance ; it would be 
highly desirable, and no doubt productive of 
great benefit in practice, to know the amount 
of friction of the axle, and the resistance of 
the wheels upon the rail separately ;' it might 
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lead to essential service in the fonnatkm of 
the road; and^ perhaps^ be of great utility 
in ascertaining the proper force of carriages. 
It is^ howerer^ to be regretted that no experi- 
ments have yet been made to ascertain the 
requisite inlbrmalion . 

In constructing wheel-carriages^ vrith a view 
of diminishing their friction^ it vTould appear 
that we should make the diameter of the 
wheels as large^ and the axles as small as 
possible ; but there is a limit to this^ inde^ 
pendent of the inconvenience^ in loading and 
unloading carriages^ so much elevated^ by 
being placed upon very high wheels; the 
axles must be made sufficiently strong to 
suppcHi; the weight placed upon them^ and 
that strength is^ in a great measure^ regulated 
by the size of the wheels^ for the larger the 
wheels the greater the leverage to twist and 
break the axles ; but^ as the tendency to break 
the axles increases only in the direct propor- 
tion of the diameter of the wheels^ while the 
strength of the axles increases in the cube of 
the diameter^ it will^ in aU cases^ be of advan- 
tage to make the wheels as large as circum- 
stances will permit. 

In all rubbings surfaces th<ere must be a 
certain proportion between the pressure, or 
weight of the body, and the extent or area 
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of rubbing sur£su;e^ when the friction is a 
winimum; for, if th^ bearing be extremely 
narrow^ the surface in contact with it will be 
cut ; and if^ on the contrary^ it be very broadi 
an unnecessary extent is exposed. The pre^ 
cise proportion can only be ascertained by 
experiment^ and it would certainly be confer- 
ring a great boon to science^ were that deter- 
mined by ^ set of experiments upon a large 
scale. Whatever be the ratio of the size of 
the bearing to the weight of the body, the 
friction, upon similar bearings, will always 
bear a determinate proportion to the entire 
weight of the body. 

, There are other species of obstruction 
presented to the motion of carriages, besides 
those already enumerated, such as the action 
of the wind, &c. ; but as their effects; in 
retarding the motion, are comparatively tri- 
vial, at moderate velocities, or at that rate of 
speed at which carriages usually travel, we 
may, in general, omit noticing their effect. , 

It has been a matter of just regret that so 
few experiments have been made to ascertain 
the degree of resistance arising from friction, 
to carriages moved along Rail-roads; on a 
subject of such importance it is astonishing 
that, until lately, so little interest should 
have been excited, comprehending, as it were. 
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the entire basis of the subject. Observatiom 
have been made on the weight a horse could 
overcome, when placed upon a carriage on 
a Rail-road; but as we had no measure oi 
the force exerted by the horse, the resistance of 
the carriage could not be thereby ascertained. 

Mr. Grimshaw, of Sunderland, when pro- 
prietor of a colliery in that neighbourhood, 
made a great many experiments on the frlc- 
tidn of wheel-carriages, with the particulars 
of which I have been favored. He laid a 
cast-iron railrway down, upon beams of wood, 
and placed upon this rail-way the carriages 
used by him in conveying his coals . down 
to the river. He then elevated those beams 
at one end until they formed different angles 
with the horizon, and observed the time the 
carriages were in descending from one end 
to the other, when the plane was elevated 
to different angles. By comparing the spaces 
actually passed^ over by the carriage, with 
the space which gravity would have caused 
the body to describe, in the same time, when 
fidling freely, the amount of retardation caused 
by the friction was thus ascertained. 

The result was as follows : — 

Loadjed carriage, weighing altogether 8522 lbs. friction 
equal to 50 lbs., or the 170th part of its weight. 
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« 

Empty carriage, weighing' 2586 Ibs.» frietion 10 lbs., or 
the 258th pajrt of its weight, ' 

Mr. Palmer^ in the descriptiou of his Rail- 
road^ (States the . result of some experiments 
made on the friction of carriages moved along 
different kinds of Rail-roads. He makes the 
resistance considerably greater than Mr. Grim- 
SHAW, amounting to the eighty-seventh part of 
the weight, as found upon the Edge Rail-road, 
from the Penryn slate-quarries; but, as this 
must have been owing to some difference in 
the construction of the rail- way ; and, as Mr. 
Palmer does not give any detail of his experi- 
ments, we are not, therefore, capable of judg- 
ing of the cause of such an anamoly. 

Impressed with the importance of knowing 
the precise amount of resistance opposed to 
the motion of carriages along Rail-roads, 
and, also, the resistances by different forms 
of carriages, Mr. George Stephenson and 
myself, in October, 1818, commenced a series 
of experiments upon the Killingsworth Rail- 
road, to ascertain that desideratum . 

A spring dynamometer was first used, but 
we found its action subject to such irregularity, 
that we were obliged to abandon it, and resort 
to one of the following construction : — 

• ■ V . - 

A very heavy pendulum, or leaden weight .A, Fig. Vf. 
P^ate W. was suspended hy the arm b from a well-turned 
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and p^foctly smooth axle, c» mOTing freely upon « brass 
carriage or chair, which was kept well oiled, and moved 
with very little friction. A grooved quadrant, de^ accu- 
rately formed, was fixed at the extremity of the pendulum, 
and moved widi it, as shewn m the drawing. Upon the 
side of the periphery of the quadrant a graduailed index wa» 
made, on which were marked divifttons representing pounds. 
A pointer was screwed to the frame of the carriage at e, ^^ 
such a manner as to be capable of being adjusted to suit the 
angle of the road, so that when the pendulum was perpen- 
dicular, the pointer should indicate 0. 

It will be readily seen from an inspection of 
the drawing, that when the pendulum was 
left at liberty, it would assume a position 
perpendicular to the horizon, or hang freely' 
down; and that it would require a certain 
force to remove it from that position, which 
force would vary according to the different 
angles it was made to form with respect to 
the horizon. The dotted line e g: will repre- 
sent the arc of the circle which the penduliim 
would describe, and the greatest force which 
it would present to any power, drawing it out 
from the position it would assume, would be 
when it arrived at g, or became parallel with 
the horizon. 

Knowing the weight of the leaden ball, and 
the length of the arm of the pendulum, it 
would have been easy to calculate the scale 
of divisions representing pounds; but, we 
preferred marking them by employing known 
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weights to drag tHe pefidiikini out frotn the 
perpendicular. To aGcomplish thi?/we ui^d 
a steel -yard, made for the purpdisfe'j with anti^ 
of equal lengths at right '^ugles^ or forming an 
angle of 120 degrees with e^h other, one of 
whiph -would thus be perpendiculitf; and the 
otiier horizontal ; this rested on a' pivot; with 
idiarp points, balancing each other with great 
nicety ; from the horizontal arm known weights 
were suspended, and from the end of the per-^ 
pendiculap arm a rope proceeded/ which passed 
round the groove of the quadrant, and wa^ 
fs^tened at rf. The weights were added pound 
by pounds and the steel_-yard adjusted attach 
operation ; and, as the weights drew the pen- 
dulum out from the perpendicular, the divi- 
sions, were marked on the index. The same 

• 

rope was used, in the experiments, that was 
made use of to adjust the instrument. . 

This instrument, which is a perfect dyna- 
mometer,- wass firmly fixed tathe carriage C D, 
by the frame ffff, placed upon wheels, of ^uch 
a height that the rope, leading away in a 
tangentl horizontally from the qu&.draxit, could 
be , fastened to . that part of the carriages by 
which- Ihey are usually drawn' along upon this 
Rail-road.. 

The carriage containing the dynamometer 
was placed upon the Rail-road, and the rope 

M 
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fasteneci to the carriage^ the friction of which 
was the subject of experiment^ in the same man- 
ner as represented in the drawing. Manual 
labour was then applied to the dynamome- 
ter-carriage to push it along the Rail-road^ 
and the rope being fastened to the waggon^ 
it was also drawn forward. The distance 
which the pendulum was drawn put from the 
perpendicular, by the action of the rope, was, 
therefore, the measure of force or pressure 
required to move the waggon forward upon 
the Rail-road. 

Before recording the pressure, indicated by 
the index, bodi carriages were put into a cer- 
tain velocity, and that velocity was kept up 
as equable as possible during the couree of 
the experiment. At first it was found rather 
difficult to preserve a state qf perfect uniform 
velocity, the least variation in the force applied 
to push the dynamometer forward, causing 
the index to vibrate backwards and forwards ; 
by employing a greater number of men] 
we accomplished, after successive trials, a 
regularity of action, which produced the most 
uniform velocity in the motion, and each ex- 
periment was repeated until we were perfectly 
satisfied of the accuracy of the result. 

The degree of force, indicated by the 
dynambraeter, was, therefore, that which -was 
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Required to keep the waggon in motion, or to 
keep it in a state of uniform velocity/ that 
velocity being first produced- by other means. 
Before^ however, proceeding further, it: may 
be necessary to define what is meant by fric- 
tion^ and explain the laws which regulate its 
action upon bodies moving upon Rail-roads. — 
As previcmsly stated, when two suriaces are in 
eontact, and subjected to a determinate . pres- 
sure, it requires a certain force to cause them 
to slide over each other; and this property of 
resisting sliding, was called the adhesion of 
the surfiices. Friction, then,- is meant as a 
measure of this resistance, or the amount of 
friction is the force required to cause the bodies 
to slide over each other. 

it is a well-known law of dynamics, that 
every body has a tendency to continue either 
in a state of rest, or of uniform rectilinear 
motion, unless disturbed by some extraneous 
mechanical force. Let, therefore, a carriage 
be placed upon a Rail-road, and a certain 
velocity be given to it, by any force or pressure 
whatever — if we suppose the body and plane 
perfectly void of friction, and free from the 
action of any other force, then the body will 
continue to move on uniformly with the velo- 
city given to it, until disturbed by some acci- 
dental force or cause; for the body has no 
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power in itiself to change that yeioicity^ and it 
is not isupposed to be eife6t^ by any other 
mechanical forte whiijteyer.--r*S now, 

ioBtead of the body being perfectly free from 
friction^ that it is^ ccuitinuially opposed by a 
certain determinate force or pressure; which is 
always acting with the same- intensity^ in 
retarding ihe progressiive inotibn of the body; 
then* th^ bbdy^ instead of continuing in a stat« 
of uniform motion, will, by the constant retar* 
datibn of this force, be soon brought to a state 
of rest. Supp^ose, however, when it is. in a 
state of uniform Telocity, and subjected to the 
action of this retarding force, we apply, or 
catise a force continually to act upon the body, 
urging it forward with the same intensity of 
pressure that the retarding force, or friction of 
the body, = bpposes to its: progressive motion^^ 
then the body will still continue to mOve on in 
a^tate of uniform velocity, and witii the same 
velocity given to it. ' Whsen, thetefore,' a car* 
riage is placed Upon a Rail-road, amd a t^on- 
ttnual pressure is exerted upon ity to urge it 
forward, (as the action of the men through the 
medium of the rope of the dynamometer;) 
it is found that, with whatever velocity it 
IS moved, supposing the moving force to 
proceed with the same velocity, the: presr 
sure required to keep it in a state of unifioimi 
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motion is the same at any velocit^y. Hence^ 
the friction is said to be a constant or uniform 
retardmg farce of the same intensity, whatever 
he the velocity with which the body is^ mov^d, — 
and that the force or intensity of pressure 
inquired to act upon the body, to move it over 
any determinate space at different velocities^ 
•will be the same at each instant of time ; con- 
sequently, the aggregate amount of power 
required to drag any body over a given space^ 
Vfill always be the same, whatever be the velo- 
«ty ; but, if we traverse that i^ace in half -the 
time, it will of course require the moving 
power to travel at twice the velocity ; and, 
therefore, the aggregate effort of mechanical 
power required 'will be double, acting half the 
time ; and, at different velocities, will be repre- 
sented by the following diagram. 

I. 

Vclocitie* - - 12 3 4 

Spaces passed over - 1111 

Times - - - i i 1 1 

Resiatanee - - -- 1111 

Mechanical force required, > 

acting in the above time ^ 
Mechanical force required, 

for any given distance 

^' If experiment proves that the intensity of 
force required to urge the body forward is 



12 3 4 



1111 
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not the same at all velocities, then the trictiou 
is not an uniform retarding force, but increases 
in the ratio of the velocity ; for instance, when 
the bocjy is moved forward at twice the velo- 
city, if the pressure indicated by the dynamo: 
meter be twice as great as when miovingat 
half the velocity, then the aggregate amount; 
of force required to move the body over a 
given space with twice the velocity, will be 
tivipe th^t required to move the body oyer the 
same space, with half that velocity ; and, con- 
sequently, by traversing that space in half the 
time, the moving power will sdso travel at 
twice the velocity ; and, therefore, the mecha- 
nical power required will be four times the 
Amount, acting half the time ; and the under- 
mentioned diagram will , shew the mechanicaj 
force required M different y^Jppitii^— ? 

II. 

Velocities - - 1 2 3 4 

Slpaces - - J I 1 1 

Times . . . 1111 

I^esistance - - 12 3 4 

Mechanical force required, > ^ 4 9 16 

acting for the aboye time S 

Mechanical ibrqe required, > J 2 3 4 
for any given* di^taoice ) 

Again, if the resistance iwcrcfl«C8 in the rptip 
/o/the square of tke pelocUy, Uien the amount q( 
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mechanical force required to move the body- 
forward^ at different velocities^ will be as 
follows : — 

Velocities - - 1 2 3 4 

Spaces - - T I 1 1 I 

Times - r - 1 1 1 1 

Resistance - - 1 4 9 16 

Mecbanical force required^ 

acting for the above time 
Mechanical force required, 

for any given distance 



1 8 27 64 



1 4 9 1:@ 



I would not have been thus particular in my / 
elucidation of the effects of friction^ had I oot 
found that considerable ambiguity e;x:jist^ on 
the amount of resistance at different velocities. 
— I trust the foregoing explanation^ if it do 
not dispel the ambiguity^ will at least make 
the reader acquaiijited wiJJi the sense ju whicl^ 
I shall hereafter use it in the ;v^oi4£. 



Experiments made at KiUing»mTth CoUiery^ 
with the dynamometer, to ascertain the friction 
or remUmce of carriages m^oved along Bail- 
roads, 

r 

The rails were of cast-iron. Edge-rails of 
Messrs. Losh and Stephenson's plan^ Fig. I. 
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Platip II. Plat tearing surface S^ 
broad, 3 feet 9| inches long; the plane^* i 
piece of road selected for the purpose, >^as 
quite straight, and with a uniform inclination 
of .0738 inches in a yard, or one yard in 488. 
The torriages were the same as used upon the 
road for the conveyance of Coals, and similar 
to that shown in Fig, VII. Plate IV. The 
wheels were fixed upon the ^xles, and turned 
witli them ; their ^diameter was 34 inches, with 
a projecting ledge of three-quarters of an inch, 
to keep them upon the road. — ^The body of the 
carriage rested by a chain of brass or iron, 
yipoti fli^ axl6§ of tlie wheels, a^ explained in 
the detail of the experifne^rits ; 'th6 axles bein^ 
e^ Nought-iron, 2i inches diameter at the 
bearing. 
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DESCRIPTION OF CARRIAGES. 
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. Lioaded djmriage, ^eigbiag 23iewt.y and jbon- 
tuning 53 cwt. of Coals. Total wei|i^ht 76^ cwt. 
Wheels cast-iron, case-hardened, and had been in 
use six mouths. The Uearlngs upon the axles 
of cast-iron, four inches broad ... 

Loaded earriage, same weight as tbe^pFeced** 
ing, wheels caj«t~iron, but not case-hardened, and 
were worn considerably. Chairs or. beairiiigS 
brass, 1^ inches broad * - 

' Four empty carriages, each weighing 2di cwt. 
Three ^ ith case-hardened wheels, and one with 
wheels not case-hardened, same kind of bearings 
as No. 1. ' - - ' 

Four empty carriages, same weight as the prc- 
tediiig, three with common, and one with case- 
hardened wiieels, bearings brass, similar to 
No. 2.' ■■• -i. -'- "' - • ■• .- • 

Four empt^ carriages, same wei^t as No. 3,, 
all with old wheels, not case-hardened, much 
, worn or iftdeuted on ^e rim, wjought-iron hear- 
ings, 1^ inches broad - - 

The' pire^efiiDg twelve ^empty carriages Icge- 
iher r - - - -. 

'^ After ikito above eipc(riments were performed, 
there appeared . such a variation m the result 
between the carriages, having different kinds of 
whiB^ls..and bearings, the following were made 
to ascertain how much the resistance was affect- 
ed by eadr. . - > * ', - ' ' . - -i 

Four empty carriages, and weighing 23i cwt., 
all with case-hacdened ilrbeels,' 4ind cast-h-dn 
bearings, similar to No. 1. • 

Four empty carriages, same weight, with case- 
hardened wheels and- brass bearings, saitie as 
No. 2. - - 

9{' Four empty carriage^, same wajght, >y}ieefs 
not case-hardened, half wore, bearings similar to 

Ni)u-;7." ' • "- -' - :- 

Four empty carriages, same weight, wheels 
saine as preceding, or No. 9, brass bearings, 
ffimibr to No. 8. ^ - 

Four empty carriages, same weight, case-hard- 
ened wheels, wrougbt-iron bearings, same as 
iNo. 6* - - - - 
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A very material difference in the result will 
be found in these experiments^ in the con- 
struction of the carriages. The carriage, No» 
I, was of the most modern construction, and 
the resistance upon a level plane amounted to 
no more than 39 lbs. The carriage. No. 3, 
required 63 lbs. almost two-thirds more; but, 
as the bearings and wheels were different, it 
was desirable to find to which the variation 
was attributable. 

On comparing No. 6 and No. 10 together, 
which had the same kind of bearings, but dif^ 
ferent wheels, it will be seen, that in the four 
empty carriages there is a difference in the 
resistance of 21 lbs., which must arise from the 
wheels alone. The whole weight of those 
carriages were 93cwt. ; therefore, the additional 
resistance, occasioned by, wheels partly worn 
or indented into a groove around the rim of 
the wheel, .amoupts to nearly the ^QOth part 
of the weight. Again, on comp9.ring No.. 7 
jand No. 8, we find the difference nearly the 
same, amounting to the 550th part of the 
weight. This proves the great superiority of 
case-hardened wheels over the common ones, 
not only in economy, but also in lessening the 
resistance. It has been urged against them, 
that their hardness makes them lialble to ciit 
^fae rails ; this might apply to n^^rrow rubbing 



ON RAIL-ROADS. 187 

surfaces^ but cannot, have any connection with 
one surface rolling over another^ especially 
when the hard surface is the rolling one, and 
also the broader. I have often examined, very 
carefully, their action upon the rails, but could 
never find any tendency in them to cut the 
rails ; when the common wheels are indented 
on the surface of the rim, they are very liable 
to injure the rails, from their grooved periphery 
breaking the sides of the bearing surface of the 
rail off, and leaving only the middle section.— 
This is very frequently the case, as may be 
seen on all those Bail-roads upon which the 
common wheels have been used. The univer- 
sal adoption pf case-hardened wheels, on all 
the principal Rail -roads, in preference to the 
common wheels, is however the best criterion 
which can be adduced, of the general belief 
of their superiority. The case-hardening of 
the wheels is, as previously explained, effected 
by running the metal against a cpld (Cylinder 
of cast-iron. I am inclined to thiiik this also 
tends to foiiii the wheel more perfectly cylin- 
drical than casting in the ordinary w^y^ 
which will also lessen the resistance, . and 
remedy any resistance produced by the undu- 
latory. motion^ from the imperfect circular form 
of the rim. . < ' 

In examining these experiments, there in 
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iilso another variation in the result^ owing 4o 
flie Afferent kinds of bearings employed. 
Cdmpariiig the resistance of No. 8 with No. 7, 
Ihtere appears a difference of four pounds^ 
Wbi<5h is equal to one piound in each carriagei 
between bearings of cadt4ron and of brass^ the 
Iron bearings are broader than * those of the 
brass^ &nd this will^ . perhaps^ account for the 
^fferen^; otherwise the brass would most 
likely have been found to present the least 
friction; but it at the same time proves the 
tiecessity of. making the bearings of a c^tain 
tsize^ compared 'with the pressure upon them^ 
and shows that the brass is considerably below 
that i^ze ; inasmuch^ as we find that the i^- 
l^reased breadth of the cast^ron more thaa 
compensates for its inferiority to brass^ in 
diminishing the friction. • 

/ "' We?had also an opportunity of subjecting to 
tbe test of experiment^ another- kind of bear- 
ing, which, for a long period after the intro- 
duction^ of Raii-way«, was universally used, 
and' I believe 'is istill used in many places.^^ 
This is a malleable iron bearing, formed by 
tkn^ hammer of the blacksmith, one inch and a 
ijuarter bnoad ; this was 4ibe bearing used in 
Jtfo. 11, which, on being compared with; Nos. 
7 and 8, a difference will be found amounting 
io 19 lbs. between that kind of bearing and th« 
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ca&t4ron^ and 15 lbs. between it and the bra^s^ 
wbich is equal to the difference lietwicen the 
common and the case-hardened wheelsj, an^ 
amounting to nearly the 550th part of th^ 
weight. This is not the only evil product 
by the use of this kind of bearing ; it also 
operates very powerfully in cutting the axles. 
On being shewn two axles^ it is readily distin- 
guishable to which kind of bearing each had 
been subjected; the axle with the narrow 
bearing is cut and furrowed, while the other is 
smooth and even ; and it need not be stated, 
the effect which such a cause would produce in 
the expence, by the destruction of axles. 

The reduction of friction, by these two 
causes, are very considerable, and, when pro- 
perly estimated, are- of great moment in the 
economy of Rail-road conveyance. The two to- 
gether amounts to the 375th part of the weight 
of the carriage, and equal to 43 per cent, of the 
'whole amount of friction. 

The following are some experiments which 
I made upon the Hetton Colliery Rail-road, in 
December, 1824, which ascertaining the fric- 
tion by other methods, will be interesting as a 
comparison with'thie preceding. Length oF 
plane 1164 feet, perfectly straight, with an 
uniform and regular descent of one yard in 
104.24 or n feet 2 inches in the whole distance. 
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Edge-rail of Losh and Stephenson'9 patetfi; 
Sf inches broad at top. The carriages weriJ 
allowed to descend freely by their gravitatitig 
forcey and the space they passed over asc£IN 
tained by a stop-watch. 

EXPERIMENT V. 

Four loaded carriages, each weighing 9408 lbs. with call- 
hardened wheels, two feet eleven inches diameter, maUeabfal 
iron axles, three inches diameter, bearings cast iron^ ibtif 
inches broad. 

Space described 1164 feet — ^time 120 seconds* 

ws 

By theorem B. F=G _^= 2l6Ibs. th« fricibtt of \ht 

216 
four carriages, and — = 43 lbs. the friction of each cari-tage. 

EXPERIMENT VI. 

Seven loaded carriages, similar to the above, described 
precisely the same space, in the same time, making their 
friction the same as the above, viz. 43 lbs. 

During the time of performing these two experiments, it 
was a dead calm, not the least wind ; and the rails were dry, 
and in that state which would present almost the least 
resistance to the wheels. 

» 

EXPERIMENT VII, 

Same plane, with one loaded carriage, similar to the pre- 
ceding, space described 1266 feet, time of descent 128 
seconds. 

By Theorem B. as before 

WS 
Fz=G --j-=46lb. the friction. 
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EXPERIMENT YIII. 

Same plane,- s&me kind of carriage. 
One loaded carriage. Space describes 1140 feet. Time 
125 seconds. 
By Theorem B. Friction equal 47 lbs. 

EXPERIMENT IX. 

Same plane, an empty carriage, similar in form to the 
preceding, weighing 3472 lbs. space described 1206 (bet. 
Time 124 seconds. 

By theorem B. Friction 16.25 lbs. 

During the time of performing the three last 
experiments^ it was rather windy^ and the direc- 
tion of the wind was partly oblique to the line 
of the road^ which would have the effect of 
blowing the carriage rather to one side^ and 
causing the projecting ledge of the wheels to 
press or rub against the side of the rail^ and 
thus consequently augment the friction. The 
increase of resistance, or retardation, caused by 
the wind is sometimes very considerable, espe- 
cially when the direction is oblique to the line 
of the road, as then the wind not only acts 
by its direct impulse upon the carriages, but 
also in forcing the wheels against the side of 
the rail, and increasing the friction by the pro- 
jecting ledge rubbing against the rail. In the 
last three experiments the rails were in an 
excellent state, presenting the least possible 
resistance to the rolling of the wheels. When 
the rails are quite dry, or quite wet, they 
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present the leasts and when partially wet or 
moist^ and catching the dii^t^ the resistance is 
the greatest; in these three last experiments 
they were quite dry. 

By comparing the friction of the empty with 
the loaded carriages, we might have found if 
the friction increased in direct, or in any other 
proportion with the weight ; as, however, the 
carriages experimented upon were not all the 
same, though of the same construction, it was 
necessary to try the friction directly, by load- 
ing the same carriage with different weights, 
and the following experiments were made for 
that purpose with the dynamometer. 

EXPERIMENT X. 
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Carriage with common wheels, and cast-iron chairs, 
four inches broad, wheels thirty-foar inches dia- 
meter, axles 2f inches diameter, weight of the 
body of the cmviage resting upon lh6 axle^ l*^cwh 
and weight of the wheels and axle llcwt. loaded 
wi^ 20 cwt. of iron, upon the same plan as experi- 
ment IL - . * 

Same carriage, loaded with 40 cwt. of iron 
£>atto loaded with 53 cwt. of iron 

Immediately after the above experiments were 
finished, a smart shower of r^in fell, attetided with a 
brisk squall of wind, during which we availed our- 
selves of the opportunity of ascertaining the variation 
in th6 resistance by the rails being partly wet. 

Same carriage, loaded with 53 cwt. of iron - 65 
Ditto. Ditto. 40 cwt. of iron -. • 52 

Ditto. Ditto. 20 cwt. of iron - - 38 



36 
48 
58 
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> Oir ex«miiliiig the result of the foregoihg 
^fcperiifi^tB> w« find thB. friction is not pre- 
cisely proportionate to the weighty but nearly 
SQ. The friction of the rubbing upon the aji:le^ 
aiid (he resistance of the wli^els upon the luil^ 
does not appear to follow the same law. It 
would have been highly deskable if th^y could 
have been subjected separately io the test of 
experiment^ (hat we might be able to deduce 
from the knowti amount of friction of the one^ 
the friction of Ae other ; but^ in the absence 
of such experiments, Vre must cohtellt our- 
selves with a^ near an approximation as the 
extent of our information reaches. Assuming 
the friction to be as the weight, and taking 
No. I. as a standard, we should have for the 
other, when the whole weight of carriage and 
wheels is taken into account, 53 and 64 lbs. 
respectively, ^heteas, experiment gives 48 and 
58 lbs* which shows that the firiction does not 
increase in so great a ratio as the weight. 
This, no doubt, arises from a part of the whole 
weight being subjected to the action of rolling 
only, (viz. the weight of the wheels and axles,) 
thc^ resistance from which cannot amount to so 
much as a like Weight, subjected to the action 
of attrition upon the axle, and also of the roll- 
ing of the wheel upon the rail, as takes place 
with iht body of the carriage resting tipon^ tht 
axlto. N 
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But, in this experiment; the rails were ccnii- 
pletely free from dust, were quite dry, and 
would consequently present little resistance to 
the wheels rolling upon thiem ; during a shower 
of rain, when the rails were partly covered with 
mud, and the resistance became greater, we 
find it to correspond very nearly with the 
simple ratio of the weight. 
: In practice, therefore, we may I think safely take 
the friction to be asihe weight of the carriages. 



The foUotoing Table will shew the result of the 
' foregoing Experiments on the friction of car- 
riages moving along the Edge Rail-road . 
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rolling to 
diameter c 
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•III 

17.7 


By dynamometer^ 


Exp. IV. No. 1. 


12.36 


2 


Ditto 


Exp. X. Ao. 3. 


8512 


40. 212.81 12.36 


17.2 


3 


Ditto 


ditto No, 2. 


7056 


34, 207.5 


12.36 


16.8 


4 


Ditlo 


ditto No. 1. 


4816 


24. 


200.6 


12.36 


16.2 


5 


V Dilto 


ditto No. 4. 


8512 


45. 


189. 


12.36 


15.3 


6 


Ditto 


ditto No. 6. 


71156 


38. 


185.6 


12.36 


15. 


7 


Ditto 


ditto iVo. 6. 


4816 


•^7. 


178,3 


12.36 


14.4 


8' Inclined plane, 


Exp. V. 


9408 


43. 


218.7 


11. 6 


18.8 


8 


Ditto 


Exp. VI. 


9408 


43. 


218.7 


11. 6 


18.8 


IQ 


Dilto 


Ex4>. VII. 


9408 


45. 


209. 


11. 6 


18. 


11 


Ditto 


Exp. VIII. 


9408 


47. 


200. 


11. 6 


17.2 


^2 


Ditto 


Exp, IX. - 


3472 


16.25 


213.6 


11. 6 


18 4 


la 


D3namometer 


, Exp. IV. No, 7. 


'2604 


13. 


200.3 


12.36 


16.1 
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&y the above table it will be seen that the 
least amount of resistance is equal to the two 
hundlred and nineteenth part of the weight of 
thecarriage^ and the greatest equal to the one 
hundred and seventy -second part^ and that the 
average of the whole will be about the two 
hundredth part of the weight. Expressing the 
friction in terms of the Weight, without refe- 
jpence to the size of the wheels is not, however^ 
the, most correct way of conveying an idea of 
its effects ; as, by placing the weight upon 
larger wheels, we diminish the quantity of 
robbing surface, and of course the friction, 
while the weight remains the same. The most 
correct expression would^ perhaps, be in com-, 
parison with the extent of rubbing surface, as 
that alone varies with the size of the wheels* 
Column the sixth shews the ratio of the dia« 
meter of the wheels to the diameter of the 
axle, which also expresses the. velocity or 
extent of rolling, compared with the rubbing 
surface exposed to friction, the latter being 
denoted by 1. The difference between these two 
will, therefore, represent the diminution in the 
amount of friction produced by the employ- 
ment of the great circumference of the wheels 
to effect the progressive motion of the carriage, 
and the less circumference of, the. axle to 
support its weight ; and by as much .as the one 

n2 
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exceeds the other^ by do oiUch i» the qfiaaftty 
of nibbing surface diminished^ lUdd conse- 
quently the friction arising from that cdus^. 

Column 7th expresses the proportion which 
the friction bears to the weighty compai*ed ydth 
the extent of nibbing surface upon the axle^. 
Thus, in No. 1, the friction is equal to the two 
hundred and nineteentfi part of the carriage, and 
this friction is caused by the action of the 
wheels rolling upon the rails, and the weight 
rubbing upon the axles ;. but the proportion 
which the action of tlie former bearsi tQ the 
latter, is as 12.36 : 1 ; we diminish then in that 
proportion the friction ; or at least that which 
arises from the attrition upon the as^le, and 
which, upon an edge rail- way, constitutes a 
greater part of the resii^tance ; and, by u^g 
diflferent^sized wheels, we dilninish the resist-- 
ance from that cause, in direct propoirtion; to 
the difference between the diameter of the 
wheels and that of the axle. 

Column 7 will then express the friction 
compared with the extent of rubbing i^rface. 
To find the friction of carriages placed xipovk 
any size of wheels^ we haTe only to mul- 
tiply this Slim by the diameter of the wheels 
^n4 divide by the diameter of the axle, and the 
dividend will give the friction ctf resistance of 
the carriage upoii an edge rail-road. 
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Having thus ascertained the friction relative 
to the weighty the following experiments were 
made with the dynamometer^ to ascertain the 
friction or resistance of carrii^ges moving at 
different velocities. 



EXPERIMENT XL 



•i 



No 



2 
4 



DESCRIPTION OF CARRIAGES, AND VELOCITIES AT WHICH 

TBBY MOVED. 



s c 



Loaded carriage, weighing 22^ cwt. ^ith cast -iron 
beftrings, four incbes broad, ease - hardened wheels 
thirty-four inches diameter, and wrougbt-iron axles two 
and three quarter inches diameter, oontaioiog 5dcwt. 
of coals, moved at a slow rate of motion - -156 

Moved at the rate of 134 feet in a minute - - 56 
Ditto SOT Ditto - -56 

Ditto 397 Ditto - -56 

Pitto 140 Ditto - -56 



In prosecuting the above experiments, the 
carriage and dynamometer were first put, into 
the required Velocity/ and that velocity was 
uniformly kept up during their passage along 
the plane. Numerous trials were made, to be 
certain that the result was correct ; the dynamp- 
meter was pushed along by severaj men, and 
the variation from a uniform resistance, indi- 
cated by the index, was so trifling, that no other 
record than those in the table could be made. 
This experiment was made, in conjunction 
with Mr. Stephenson, in 1819. 

To determine this question by a method dif- 
ferent from the preceding, and where, perhaps. 
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the liability to error was less, I lately made the 
following experiments upon a certain stage, or 
piece of Rail-road, selected for the purpose. A 
perfectly straight plane of the Edge Rail- 
road, with a unifdrm and regular inclina^ 
tion, was taken, the declivity of which was 
such as would cause the carriages to descend 
with an accelers^ted velof^ity ; a carriage was 
placed upon it, and allowed to descend freely, 
and the sp^ce it passed oyer \n successive 
portions of time, was marked with the utmost 
accuracy in the following manner — standing 
upon one end of the carriage, and aided by 
jan assistant, at the end of every ten seconds 
I made a mark upon the plane where the 
iCjarriage happened to be, and afterwards mea- 
sured the distance between those marks, which 
gave the space passed over in each successive 
period. The carriage was first put in motion 
at the top of the plane, by a slight impulse, only 
sufficient to overcome its vis inertia. The 
descent of the planie was 1 yard in 200 yard«^ 
pr 134 inches, in 13968 inches. 
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EXPERIMENT XII. 



Nal. J 


No,?. 


No. 3. 


Loaded carriage, weighing 


Loaded carriage, weighing 


Bmpty carriage, welching 


9,406 IkM., wheels as inclies. 


l,4Wlbs., wheels 99 ihirhes, S^T^bs.. # heels 35 inehes.l 


axlet 


^ S inches diameter. 1 


iixles 3 inches diameter. 


axles 3 inches diameter. 1 


^ .1 




X^ilCalabed 


•-^ * 




Calculabsd 


!-> - « 


; 


Galea lated 


me ol 
scent 


Space 
passed . 


space by . 
formula A 


4 


Space 
passed 


space by 

formala A 

G— F 


o e 


Space 
passed 


space by 

formaia A 

(J— F 


iec. 


over. 


8 ^Xrr 




over. 


8- ^ xrP 


P^ 


over. 


8- ^"xr.. 


Feet. 


Feeu 


Sec. 


Feel. 


Feet. 


Sec. Feet. 


Feeu 


IB 


26 


26 


5 2.8 1 


1.9 


14 15.1 16.6 1 


28 


71.9 


63 


15 


20.4 


18. 


24 


89. 46.2 


38 


12^.6 


116 


25 


54.7 


50.2 


34 


147.8 92.9 


48 


206.2 


186 


35 


97. 


98.6 


44 


221. 


155.6 


58 


276.5 


270 


45 


158.3 


162.8 


64 


304.2 


234.5 


68 


384.7 


37 lU) 


55 


234.2 


I 2432 


64 


425. 


329.3 


78 


606.1 


489.2 


65 


314.7 


339.7 


74 


487.6 


448.3 


88 


645.5 


622.6 


76 


442.1 


452.3 


84 


595.2 


567.8 


98 


785.3 


722.2 


85 


501.5 


581. 


94 


733.8 


677.2 


108 


039.6 


il37.0 


95 


642.1 


642.1 . 


UH 


801.5 


869.7 


118 


1081.6 


1119.6 


105 


800.5 


886.5 


U4 


104843 


^^' 


128 


]266;5 


13ia3 


fl5 


965.5 


1063.5 |124 

1256.6 1 


1205.7 


1236.4 






-- i 


125 


1140.4 


, 


• r 



It will be seen, from the preceding expert- 
•ments, tiiat the actual space passed over is 
greater, until a certain period of the time, than 
the calculated space ; which arose from the wind 
blowing pretty strong in the same direction 
of the line of the plane, as that in which 
the carriiage was descending, which had the 
effect of urging it forward, until its velocity 
became equal to that of the wind. In trjring 
the experiment, the pressure of the wind was felt 
while descending with the carriage, until a cerr 
tain period, when it appeared quite calm ; an^ thi$ 
took place somewhere about the end of the 1 lOth 
or 120th second, ^yK^re we fipd the calcul^tpd 
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space agree with that actjaially passed over. 
This might be expected, as the , calculated 
space is derived from the descent of &e same 
carriage during a ealm, (see Experiment Vj 
where the spuce passed over was neaprly the 
same^ and^ consequently, the effect of the air, 
in retarding the velocity of tJie one, woiild be 
equal to the effect of the wind in accelerating 
the other, when the velocities became equsd, 
ajid that velocity corresponded with the velo-: 
City of the wind. 

Not having an opportunity of making the 
experiment upoipi this piece of road during a 
.calm, I selected a $hort distance of the %i\' 
lingworth Rail-way, with a nearly uni£dmi 
descent, and embraced an opportunity of trying 
the experiment, when there was scc^cely any 
wind, or at least so little that it could liave 
no sensible effect, either in retarding or acce- 
lerating the velocity of the carriage. Tl^e 
descent of plane y^os not unifqnnly the «am^ 
throughout the whole length, but, to ascertaip 
the true result, I took the actual descent at the 
end of the several spaces passed over. 

The following table will show the result :— : 
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EXPERIMENT Xllf. 



im 



IjHuUd Carriage weighing 9,100Z6«., wheels 
04 in^, H^l 5^ iftehgf. 


i 

« 


h 1 


• 

9 

'St 


space 

with 

scent 


plane 
nation 
mi- 


{ 


^■o 


o 


?s« 


©•Sis 1 


o 

3 


Space 1 
passed 


s 


Calcnlat 
on « pla 
uniform 


Descent 
ifthein< 
had bee 
form. 


Seconds 


Feet. 


Inches. 


Feet. 


Inches. 


10 
20 


6. 


t. 


6S 


o.r 


26.4 


a6 


26.4 


2 94 


30 


69.8 


7.6 


59.4 


6.72 


40 


106.2 ] 


12. 


106.6 


11.8 


50 


165. \ 


la 


165. 


18.3 


€0 


242.6 


26. 


237.6 


26.9 


70 


326.7 


37. 


321.4 


363 


80 


;^24.8 1 


46. 


< 422.4 


47.1 


90 


625.3 


67. 


684.6 


58.4 


too 


636.6 


70. 


660. 


70.6 



nWie preceding experim^ts show that the 
Irietion is not greater when the velocity i;s 
increased^ more than what arises from the 
retardation caused by the air. 

J» pTikiiee we may^ therefore^ take the friction 
pf joarriages moved tdong Ratl-roads, as a 
^n^Jdtrm mid constant retarding force. And 
the resistance respectively opposed to the 
-moving power, at dijfereQi velocities, as repre- 
sented by the DiAgrQJU (I) page 181. 



THe foUowing experiments were made to 
ascertain the resiatance of carriages moved 
along the plate-rail., with th^ same dynamo- 
meter used in the, previous .experiinejats,< and 
shewn in Fig, VI. plate IV. 
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The rails were each 4 feet long and 3^ 
inches broad where the wheel runs upon them ; 
and the height of the upright ledge three 
inches. 



Namber of 
experiments.. 


DBSCRIPTION OF CARRIAGES. 


Resistance up 
the plane. 




iS 


1 
2 


Two loaded carriages, each weifrhiog 
8^12 lbs.; cast-iron wheels, 39i inches 
diameter, 1} inch'* broad, upon the rim 
which rtnis upon the rails; brass-boarings 
If inch broad, diameter of axle 2| Indies 

Six empty carriages, . each weighing 
2,676 lbs. ; construction same as preced- 
ing - - - . 

• 


168 
187 


126 
147 


147 



From these experiments^ we find the resist- 
ance of a loaded carriage weighing 8512 lbs. 
to be 73.5 lbs. which is equalto the 116th part 
of the weight; and^ comparing this with No. 
3, Experiment IV. which had the same kind 
of bearing, we find the relative resktgnees of 
the plate to the edge-rail as US : 63, which giveji 
the most decided preference to the l^tt^r. 



CHAPTER VII. 

EXPERIMENTS MADE ON THE FRICTION OF ROPES 

ON INCLINED-PLANES. 

Ropes being most generally used, as a 
medium of communication between the moving 
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power and the resistance^ in dragging car- 
riages up acclivities^ along level planes^ or 
for lowering them from one level to another 
upon Rail -roads; it is not only interesting, 
but^ in the case of the self-acting planes, 
absolutely necessary, that a proper estimate 
of their friction should be obtained. . 

In fixed-engines, where loads are dragged for- 
ward upon carriages by means of ropes, unless we 
<;an calculate, a priori, the friction or resistance- 
opposed by the use of such rope, we are at loss 
to know how much engine-power is required 
to overcome the resistance to obtain the requisite 
velocity, and we may, by overrating its effects, 
load the engine with unnecessary strength and 
power; or, by under-rating, erect an engine 
not adequate to perform the desired effect. 

In self-acting planes, M^here gravity is the 
moving power, it scarcely need be stated, 
• that the strictest regard should be observed in 
economising its effects ; the power itselif is ac- 
quired at no cost ; and, on that account, its 
action should be extended to the utmost limit 
of its applicability. 

The following experiments are selected, 
-from a great many which I hav6 been al- 
lowed to make upon the different Rail -roads 
in the neighbourhood of Newcastle-upon-Tyne, 
and are such as appeared to me to be suf- 
ficifiiBit to shew the requisite resistance, and 
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fpom which may be deduced the necessary djEttm 
for calculating the effects upon other planes. 

EXPERIMENT XIV. 

Upon the Killingworth Rail-road; self-act*- 
ing plane with a single sheeve^ round wfaiclji 
the iiope winds^ one end of which is attached 
to the descending^ and the other to Uxe ascend- 
jing ^9^]riages ; length of the plane 715 yaxds^ 
descent 57 fe^t 6 inches . Five loaded carriages^ 
each weighing 87641bs., descended by their 
g^vit^ling force, ^nd drew up 6 empty car- 
riagesj ^ach weighing 2800 lbs. on ^ mean 
pf several times, in 200 seconds ; wheals 34 
inches diameter, axles 2| inches diameter, 
size of rope 5 inches circiynference, weigl^t 
/38341bs. The descent of this plane is not 
regular, l^ing greater at the top than at th^ 
bottom. Hie rails being laid, as shewn in Fig. 
J[, Plate v., the line of road perfectly straight. 
Number of sheeyes in action at once 73, 
we^ht 32d71bs., diameter of sheeve where 
rope runs, 11 inches, and diameter of th^ 
axles ^ of an inch, ratio 14.65 : 1 ; weight of 
w4ieel WW 4636 lbs,, diameter 10 feet, and 
diameter of axle 6 inches, ratio 20 : 1. 

The gravity of the loaded carriages will be 



n^WH_ 8764X 5 X57,5 ,,^^„ 
05:-^= 5j^g = 1 175 lb». 
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jkkd th^ gre^vity of the empty darriagea will be 
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Taking the friction of the carriages, which were similar 
to those used in Experiment IV. at F 1=40 lbs. and/= 
14 lbs. respectively, we have by theoi'em D 

F' — G — (W+to)X^ _. , ^y^ __ 43820 + 16800) X 2145 
"" rt* . 16iix90O* 

= 973 lbs. whence by theorem F = F — (F +/+ y) = 973 — 
^300 + 84 + 450) = 239 lbs. the friction or resistance of the rope. 

EXPERIMENT XV. 

Same plane^ and similar carriages ; 6 loaded 
carriages drew up the plane 7 empty carriages 
in 180 seconds. 



mu n 8764 X 6 X 57.5 , ^,^ ,, 
TheoremGzs .. — =1410 lbs. 



- 2800 X 7 X 67.5 ^^^ „ 
and ff =: ^ — ^- =:5251bs« 



AT u/ — !>!,/. 53584+ 1 9600 X 2145 _ „,^ „ 
^so F' = 1410— jgr^^-j5jj5 = "13 ">»• 



and <p =r 1113 — 526 4- 240 + 98 = 250 lbs. the friction of 

tlie rope. 

The above plane> in practice^ requiries al- 
ways six loaded carriages descending^ t6 dnsbg 
up six empty carriages. In fine weather^ and 
when the rails are in good ordelr^ the brake 
or convoy is not required; but, in windy 
iveather/ or when the rails are not in a good 
state, the six loaded carriages have some. diffi"> 
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culty in pvercoming the resistance of the O 
empty carriages and rope* With 6 carriages, 
therefore, this plane may be taken as an 
instance of the least inclination tliat can be 
used in practice, to secure a regular ami 
constant conveyance in all states of the wea- 
ther. When at regular work, the usual time 
of descent is from 3 to 4 minutes. 

Taking the above number of loaded car- 
riages as necessary , to effect tlie constant 
passage of the empty carriages up the plane. 

We have the gravitating force, or moving power, G = 
1410 lbs., and the friction or resistance of the whole train 
being F'= 1010 lbs. leaving a surplus of gravitating force 
equal to 410 lbs. to effect the motion of the whole matter 
ttpon the plane with the requisite velocity in all states of the 

weather. 

• 

EXPERIMENT XVL 

Self-actHig I jifeme, with wheel, similar to. 
Fig, I. PlMe III.,_6 feet diameter. Length of 
plane 390i5 Fe^t;fieight 130 feet 4 inches. The 
descent of this plane is not regular, and has a 
considerable curve also in the line of road. 
Weight of inclined- wheel 454 lbs., diameter 6 
feet, diameter of axle 3 inches ; number of 
rollers in action at once 144, weight 4448 lbs. ; 
circumference of rope 5 inches, weight 4807 lbs.; 
ratio of diameter of sheeves to diameter of 
axle 14 : 1 
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Five loaded carriages^ same as Experiments 
V; and VI.., each weighing 9408 Ibs.^ descending 
drew up 7 etnpty carriages^ similar to Expe- 
rimi^nt IX., each weighing 3472 lbs., in 30Q 
seconds. 



rheorem G = ■ Q — =: 1570 lb». 5 



_ 3472X7 x 1564 „,.,, 
«= 40W2 = »'•"'•• 



16A X300* 



and t = 1378 -^ bli -|- 215 4- 112= 240 lbs. friction or 
resistance of the rope. 

This plane, when at regular work, is always 
employed with seven loaded and seven empty 
carriages, which effect a constant action du- 
ring all states of the weather, and have also 
a surplus of power, as the brake or convoy 
is always used upon particular parts of the 
plane. 

With the above number in action we have G ::=: 2198 lbs. 
and F':=: 1455 lbs., which is much greater than necessary 
to effect the requisite velocity. 

EXPERIMENT XVII. 

Self-acting plane-wheel, same as preceding, 
6 feet in diameter^ weight 464 lbs., ratio of 
diameter to diameter of axle 24 : 1, length 
of plan^ 3672 feet, .height 129 feet 6 inches. 
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descent not unifeira^ . with a isort^ ' ki Ihe 
mi^le^ forming part c^ a circular arc. Kiinl-- 
befr of sheeves 20S^ weight 97d9Ib$.^ ratid 
of diameter of sheeyes to diameter of s^le 
14 : 1 ; rope 1200 yards, weight 4468 lbs., cir- 
cumference 5 inches. 

Five loaded carriages, similar to the last ex- 
periment, each weighing 9408 ibs., descended 
against 7 empty carriages, each 3473 lbs., in 
360 Sjeconds. 



_^ ^ 9408 X 6 X 1554 ,^^ ,. 

Theorem Gr: ■ ■ ; • -: ■■ ' = 1659 lbs, 

44064 



3472 X 7 X 155 4 _ ^^.. 

«^= iioS =^7 lb*. 



■*.■ ■»* 



F'=1659-*^^+f*^^ = 16341bs. 



md 9rz t£Q4 — 857-f 2l5 + lt2=:3501l». theresiataace 
of the rope. 

Tlie same number of carriages are usi^lly 
employed on this plane as on ^ the preceditig^ 
which leaves a considerable, surplus of • graytty 
to effect thieir motion upon the plane. 

EXPERIMENT XVIIL 

' Self-acting plane, similar to the two last; 
length 3706 feet, height 76 feet 5 inches, 
descent nearly uniform, and line of direction 
q^uite straight ; weight of wheel 4541bsi., ratio 
of wheel and axle 24:1;^ number of sbeeves 



J' 
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139, weigkt 417Slbs., ratio of diameter 16:1; 
tape 1000 yardg, 4| inches circumference, 
weight 2927 lbs., inclined-wheel same as above. 
Five loaded carriages descended the plane, 
and brought up T empty carriages, same 
weight as preceding, in 280 seconds. 



^ -, »408X 6X917 ,^«,«,^ 

TbeoremG = ^^,S = 1328 lbs. 

52472 



3472XJ_X£17_ 



r = 1328 ^ ^^«W4a>^X2700^ ^ 

16A X 2«0« 

and (p = 1175 — 666 + 215+112 = 162 lbs. the frictioil 

of the rope. 

The nuinber of carriages, used in practice 
upon this plane, are 7 descending against 7 
ascending; but there is always more than 

sufficient preponderance . 

« 

EXPERIMENT XIX. 

Fixed-engine plane, where a steam-engine 
of 60-horse power is erected, to drag the loaded 
carriages up; length 2646 feet, height 154 feet 
6 inches, descent not regular, being lesa near 
the top than at the bottom ; line curved laterally 
in the middle, forming an arc, the versed sine 
of which is about 40 yards. Rope-roll similar 
to A, Fig. II. Plate III., on which the engine- 
winds the rope, and which, during the^ experi- 



^10 FIIICTION O.F ROPES. 

ment; was thrown out of gear^ as shewn in the 
drawings the descending carriages unwindmg 
the rope; weight of rope-roll with cog-wheels 
8960 lbs. ^ ratio of diameter to diameter of axle 
10 : 1, number of sheeves 161^ weight 10^278 lbs., 
ratio of diameter to diameter of axle 14 : 1 ; 
length of rope 1000 yards, 7^ inches circum- 
ference; weight 6967 lbs. 

Three empty carriages, each weighing 
3472 lbs., descended and dragged the rope 
out from the engine in 174 seconds. 

18A4 

Theorem G=: (3472 X 3) X -^ nfloSIbs. 

31762 

whence 652 — 48 = 604 lbs, the friqlion of the rope. 

r *• 

EXPERIMENT XX. 

Fixed-engine plane^ similar to last experi- 
ment ; length 2325 feet, height 115 feet, 
descent . nearly uniform, plane quite straight, 
weight of rope-roll 8960 lbs., ratio of diameter 
of roll to diameter of axle 10 : 1 ; number of 
sheeves 134, weight 4524 lbs., ratio of diameters 
14:1; length of rope 875 yards, 7^ inches 
circumference, weight 61571bs. 

Four , empty carriages, each weighing 
3472 lbs., descended the plane, and dragg^ 
the rope after them in 115 seconds. 
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'riicorem G = (3472 X 4) x ^^ = «^ ^^ 

and F = 686— ^fg^^^ = 6361b,. 

ivbence 535 — 65 = 470 lbs. the friction of the rope. 

EXPERIMENT XXI. 

Fixed-engine plane^ with rope-roll similar 
to A in the drawing. Fig, II. Plate III. ; 
length 2892 feet, height 67 feet 7 inches, 
Twreight of rope-roll 4500 lbs., ratio of diameter 
to diameter of axle 10:1, number of sheeves 
138, weight 6288 lbs., ratio of diameter of 
sheeve to diameter of axle 14.65:1, length of 
rope 1000 yards, weight3696 lbs., circumference ^'h^ '^' 
5inches. 

' Eight empty carriages, each weighing 
2688 lbs., descended the plane, with the rope 
attached, in 330 seconds. . 

691 
Theorem G = (2688 X 8) X st^tt: = 428 lbs. 

34704 

^/ Ac^ 21504 X 2892 
.«d F=428 __^^ = 393Ibs. 

"whence 393 — 120 ^ 273 lbs. tlie resistance of the rope. 

. N.B. The above engine works regularly 
with eight carriages 9,t a time, and that number 
of empty! carriages is not, in general, found 
sufficient to draw the rope out from the engine 
when descending the plane, the engine being 
erected for the purpose of dragging the loaded 

o2 
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carriages up tha plane. In windy weatbery 
and .when the rails are pot in good order^ they 
are obliged to have recourse to a horse to 
assist the gravity of the carriages in drugging 
the rope out. This plane may, therefore, 
be taken in practice as not of adequate descent 
to secure a constant passage to that number 
of carriages down the plane, and to drag the 
rope after them. 

The excess of gravitating force, above th^ 
friction of the train, 

' t" 

. 21604X2892 ^^„ 
16A X 380* 

to effect the descent of the train in the 
requisite time^ which may be sufficient, in 
favourable weather, but is certainly le^s thai> 
what ought to be allowed for all variations 
of weather. 

EXPERIMENT XXII. 

Fixed-engine plane, similar to the above; 
length 3165 feet, height 43 feet, weight of 
rope-roll 20181bs., ratio of diameter to dia- 
meter of axle 10 : 1 , number of sheeve» 184^ 
weight 42161b8., ratio 14.66:1; length of 
rope 1200 yards, weight 3537^ lbs., circum- 
ference 4^ inches. 

Nine empty carriages, each weighing 



. / 
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3080 lbs., run down the plane, and dragged the 
rope after them in 360 seconds. 

42 

Theorem G = (d080 X 9) X n^ = 307 lUs. 

3165 

and F'= 367 -—- -st- — 325 lbs. 

360* X 16^ 

^b«a€6>^3d — 144 =: 11)1 lbs* the frietimi of the fe\ie. 

Whfeh re^ulattly at work, this engine drags 
twelve loaded carrii^s tip this pland, and 
tbfe rope is taken out a^in by the empty 
carriages descending the plane. In bad wea- 
th4i'j tiiiat nUmlter Is iioi sufficient to accom- 
plish ii> and a horse is obliged to be con- 
stantly kept at the engine, to assist the 
carriages in overcoming the resistance of the 
rope. The plane has not an uniform deseent, 
being least in the middle ; the line of direction 
is also a little curved ; 

127720 k 3465 
The preponderance of gravity is ^^ z:42ibs. 

it*n X 300* 

which, in fine weather^ effects the descent in 
six minutes; bUt^ from the circumstance of 
a horse being required to be kept continually 
in attendance^ it , need Scarcely be stated, that 
this preponderance is too little for general 
utility. 

Redapitulation of the preceding experiments 
of the friction of ropes on inclined-planes. 
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TABLE 11. 



From these experiments, we find thai the 
proportion of the friction of ropes on inclined- 
planes, when disposed upon sheeves or rollers, 
amount to about one-third of the respective 
weights, or pressure of the whole apparatus, 
put in Motion by such rope, supposing tlie 
velocity of the sur&ce exposed to the action, 
or rubbing of that weight, be the same as that 
of the rope upon the plane ; — when the rope is 
- disposed upon sheeves or rollers, the Ji-iction 
is of course diminished by as much as we 
decrease the velocity of the rubbing parts, 
compared with that of the rope. — Thus, in 
Experiment XIV., the ratio of the friction to 
the weight is as 1 :3.23. By placing the weight 
upon rollers, the velocity of the periphery of 
which, to the velocity of the circumference of 
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the axle^ or part exposed to rubbing, is as 16:1 ; 
we reduce the friction in that proportion, and 
make it equal to the 61.32 part of the weight, 
or 12317:239, as shewn in columns five and six 
pf the table ; and, in like: manner, the friction 
will always bear . different proportions to the 
weight of the body, according to the diameter 
of the sheeves or rollers on which the rope or 
the weight is placed. When the diameter of 
the axle remains the same, column nine will 
then show the ratio which the' friction 
bears to the weight, when it is not placed 
upofi sheeves ; and my reason for giving the 
ratio in this manner, was to express it in terms 
not variable with the size of the sheeves upon 
which it might be placed, but in terms which 
remained constant under every variation in the 
mode of disposing it. Column six shows the 
whole weight or pressure of the apparatus put 
in motion when the carriages are descending, 
and comprehends^ the weight of the rollers, 
the rope-wheels, the rope, and its pressure 
upon the wheel which it winds round. The 
resistance of the rope, it will be perceived, is 
greater in the self-acting planes than the fixed- 
engine planes, which most probably arises 
from the rope of the former having to bend 
round the wheel when the carriages are tra- 
yersin^ the plane ; while, in the latter, the^ 
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rope is only uncoiled off the iroller, as the carri- 
ages drag it out from the engine. 

The maximum resistance is nearly the third, 
and the minimum as 1 :3,28. In praxjtice, it 
will however be sufficiently accurate^ and 
perhaps more adviseable^ to take the third. 
In the iixed-engine plane^ the same ratio 
iBfaould be taken ; as the en^e^ in winding 
the rope upon the roller will be subjected to the 
same amount of friction that occurs in the self- 
acting plane, from the bending of the rope . lA 
calculating however upon a descent of plane., 
that will cause the carriages to drag the rope 
out from the engine ; we may, in £gtvourable 
circumstances, take the ratio at 3^ : 1 . Assum- 
ing, therefore, the ratio as one-third, by ciElusing 
the rope to run upon rollers, the periphery of 
which, where the rope is supported, being 
twelve inches^ and the diameter of the axle, on 
which the roller runs, one inch ; theii the 
friction will be diminished in that ratio, and 
become only the thirty-sixth part of the 
weight, and in the same proportion with any 
other eize of roller .-^And, in general, we can 
calculate, ^' a priori,*' the friction of the rc^e 
upon any plane, by taking the weight c^f the 
whole apparatus, inclined-wheel, sheeves, and 
rope ; and the pressure of the latter upon the 
wheel, in winding round it, and also ite extra 
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pressure by any curves in the line of the road, 
then the friction will amount to one-third of 
the whole of tiiat weight, if no rollers were 
employed. — Knowing the diminution, by the 
size cf sheeves fixed upon, the actual friction 
is found. 

Having thus ascertained the ratio of the fric- 
tion to the weight, it will be evident that the 
friction of ropes of different lengths will be in 
proportion to those lengths, or to the weight. 

The preceding proportion, expressing the 
resistance of the rope, I trust may be depended 
upon as a datum of calculation in general ; but, 
in applying it to practice, it must undergo some 
limitation. It has been ascertained, under 
favourable circumstances, the planes were 
not prepared for the purpose ; but taken as 
in actual use, and as they had remained for 
some years; but, during the experiments^ 
the weather was favourable, and this has 
considerable effect upon the resistance ; we 
must, therefore, found our calculations upon 
data which will hold good under every possi- 
ble variation of weather, and this can only be 
done by appealing to practice. 

In the selection of the planes which I have 
here given, there is one which 1 consider just 
adequate, with the number of carriages usually 
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employed, to effect a regular etnd constant 
passage during all states of the weather, (ex- 
cept under very extraordinary circumstances 
indeed, such as the rails being covered with 
snow;) I shall, therefore, make that the foun- 
dation of my data for estimating the ejSects on 
other planes. — To effect the descent of any 
carriage or train of carriages down a plane by 
the action of gravity, we must give a certain 
excess of preponderance above the friction of 
the respective parts, to accomplish that descent 
in a given time ; and this time will be entirely 
governed, and be in precise proportion to the 
excess of gravitating force employed, compared 
with the weight of the carriages, 

being as W Z — r- 

rr 

The self-acting plane. Experiment XIV,, is 
one which, when six loaded carriages are em- 
ployed in dragging six empty carriages up by 
the rope there described, I can safely state, 
from a daily opportunity of witnessing its action, 
has just sufficient preponderancy to effect the 
required effect, and I do not think it would be 
proper in any case to allow less. 

The whole weight there moved = W + w will be 69384 Ibss, 
and the excess of preponderance above the friction and re- 

sistance of the whole train G — g + F +f+ 9 will be equal 
to 4001bs. nearly. 
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Whence we hate — =- = 400 lbs. or G — F' = 400 lbs. 

rr 

Then, by Theorem E * = ^ /l^L+^Sliil = 152 seconds. 

By Experiment XIV., when the moving 
force and resistance were in a state of dynami- 
cal equilibrium, the time of descent was 200 
seconds. In practice as above, we find that in 
order to efiect the certain transit or passage, it 
is necessary that the preponderance should be 
such as th^t, under the most favourable wea- 
tl^er, the descent should be effected in 153 
seconds ; then the excess or preponderance of 
gravitating power to be given in practice above 
what is required to merely effect the descent 
in fine weather, or by taking the resistance as 
shewn in the table, must be in the ratio of 
200 : 133, or in even numbers as 4 : 3. 
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CHAPTER VIII . 



OBSERVATIONS AND EXPERIMENTS ON THE TABIOUS 

K1NI>B OF MOTITE POWER EMPLOYED 

ON RAIL*HOAD8. 

This chapter will comprehend practical illus* 
trations of the different species of motive power 
previously enumerated^ deduced from the fore- 
going disquisitions^ and from experiments 
made on their performances in actual use upon 
Railrroads. 

For the sake of making a better comparison 
of their various effects, by classing those fol- 
lowing the same laws together, I shall divide 
them into the following order : — . 

1. Self-acting planes. 

2. Engine-planes. 

3. Horses. 

4. Locomotive- engines. 

I.— SELF-ACTING PLANES. 

The impelling force of this kind of motive 
power is gravity ; it is confined, as previously 
stated, to descending planes alone, and, when 
employed in practice, their object is to effect 
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the ascent of a train of carriages by the descent 
of a similar train more heavily loaded in a 
given time. The respective weights W and 
w of the descending and ascending train of 
carriages being given, we shall then have the 
following known quantities derived from th^ 
preceding experiments, viz. F. andjf^ by Table 
I. pjige 194> (p by Table 11. ppge 314. 

Then, taking the friction and resistance of 
the several nioving parts, as deduced by the 
foregoing experiments, and knowing the time 
of cbscent, we shall have for the preponderance 
of gravity, necessary to effect the passage of 
the carriages upon the plane in that time, 

and, in the case of a single trjain of carriages 
dragging a rope after them, 

tn practicCji therefore, we must either elevate 
the plane, or increase the number of carriages, 
until we obtain the requisite preponderance ; 
but, in every case, it will be necessary, in order 
to secure the constant action in winter and 
summer, that the excess amount to that given 
by the above formula. 

Before dismissing the subject of self-acting 
planes, it may be necessary to state, that consi- 
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derable regard should be observied in forming 
the line into a proper descent, or into that in 
which the velocity of the carriages, on all 
parts of it,, shall be as nearly equable as possible. 
The action of gravity causing bodies to 
desceind with velocities uniformly accelerated, 
the motion of the carriages upon a plane with a 
uniform descent will be very variable ; moving 
slow at first, then with an accelerated motion, 
as the square of the times employed in traver- 
sing the plane; and becoming very rapid at 
the end of the plane. The plane should not, 
therefore, be made with a ^regular and uniform^ 
descent; but such as, by making the descent 
more rapid at the top, will give an additional 
preponderance of gravity at the commencement, 
and cause the carriages to acquire the requisite 
velocity ; and then, to diminish that descent on 
the remaining parts of the plane, in such a 
ratio that the diminution of preponderance will 
abstract as much gravitating force as, by dimi- 
nishing the accelerati ve tendency, will com- 
pensate for the increasing velocity of the car- 
riages, by the accelerating force of gravity, so 
that the two will counteract each other, and 
thus produce a uniform velocity in the carriages 
on the plane. The line of descent to perform 
these conditions is rather difficult to determine, 
but perhaps will approach somewhat near to 
that curve called a cycloid. 
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m ■ ^ 

II.— FIXED STEAM-ENGINES. 

■ To .„eU .e ,.„™.ce „. ^-en^ne. 
iixed^ and dragging carriages up planes inclined 
or parallel to the horizon by means of ropes, 1 
have selected the four following experiments 
on engines that have been in use for some time, 
and which, I trust, will be sufficient to furnish 
data by which we may calculate the perform- 
ance of engines upon other planes. 

Not to confine the data to one particular kind 
of engine, I have taken two low-pressure, or 
condensing engines, and two high-pressure 
engines. 

EXPERIMENT XXIII. 

Boulton and Watt's low-pressure condens- 
ing engine> with two 30-inch cylinders, steam 
4^ lbs, per square inch above the ordinary 
pressure of the atmosphere, rope-roller similar 
to A, Fig. I. Plate III., rope 1\ inches circum- 
ference, same as employed in Experiment 
XIX. ; length of plane 3646 feet, height or 
ascent 154 feet 6 inches, being the same as 
Experiment XIX. 

Time of drawing up 7 loaded carriages, each 
weighing 9408 lbs., similar to those employed 
in Experiments V. and VI., .620 seconds, the 
engine making 374 single strokes, 5 feet each. 
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Then (30» X 2) x .7854 = 1413 . 72 area of cylindere 
and 1413.72 X 19. 5 the pressure of steam ia ibe boiler 
== 27567 lbs. pressure upon the piston, which, in the expe- 
riment, was moved through 374 X 5= 1870 feet; hence 
27567 X 1870 = 51550290 lbs. moved one foot, the power 
of the engine. 



1854 



TbeiiG=;9408x7X .7^ =3845lb». 

Also, by Experiiaeiilt V* and VL F == 43 X 7 =1 301 Ibk 
And, by Experiment XIX. f :=: 604Um. 

W S 
Also *--j-" =28 lbs. the force required to overcome the 

vis inertue of the load upon the plane, or to cause it ta 
describe that space in 620 seconds. 

Then 3845 + 301 + 504 + 28 = 4678 lbs. the resistance 
which, in the experiment, was moved through 2646 feet, 
whence 4678 X 2646 = 12377988 lbs., the resistance moved 
one foot. 

ruL P ^ 51550290 power of engine. 
Therefore "{ ,^^^^^^^ rn 

(12377988 effect or resistance, 

wTience we have the effective power of the 
engine upon the load, compared with the pres- 
sure of the steam upon the piston, equal to 34 
per cent. 

Velocity of piston, 181 feet per minute, 
load, 256 feet per minute. 

EXPERIMENT XXIV. 

Fixed engine, Boulton and Watt's double 
power, similar construction to the preceding^, 
and same power, viz . with two 30-inch cylin- 



ON RAIL-ROADS. 225 

ders, steam 4~ lb. per square inch above the 
pressure of the atmosphere/ rope 7-^ inches 
circumference, same as Experiment XX ; plane 
the same also; length 3325 feet, height or 
ascent 115 feet, carriages same as preceding 
experiment. 

Time of drawing 7 loaded carriages 550 
seconds, making 320 single strokes of the 
piston, 5 feet each . 

This engine, by an additional rope attached 
to the end of the above-named train of car- 
riages, also dragged, at the same time, 7 
loaded carriages, of the same weight, up ano- 
ther plane in extension of the other; length 
770 yards, and height 25 feet 6 inches. 

Then (30 X S^ x . 7864 = 1413 • 72, area of cylinders X 19 • 6 
the pressure of the steam =: 27567 lbs. pressure on the piston, 
which, in the experiment, was moved through' 320 X 5=1600 
feet. 

Therefore, 27567 X 1600 z= 44107200 lbs. moved one foot, the 
Impelling power of the engine. 

" Then G = 9^8x7 X ^^ = 3264 lbs. 

25.5 



G = 9408 X 7 X 23^^ = 7261bf. 

And, by Experiment V, F = 43 X 14= 602 lbs. 
Also, by Experiment XX. (p = 470 lbs. 
And, by another experiment, not here detailed, ^ =z 127 lbs. 

W S 
Also r — r =31 lbs. force required to overcome the inertias. 
rt* ^ 

A , WS ^, 
And 777 = 31- 
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Then 3264 + 726 + 602 + 470 + 1 27 + 63 =: 5251 lbs. ike 
total resistance, which, iu tha experiment, wa» moved over 
2325 feet; therefore 5251 x 2325 = 12208575 lbs. moved I 
feet, the resistance. 

■ 

-p.- (44107200 power of engine 

(12208575 effect produced. 

Prom which we have the effective power, 
equal to 27.7 per cent, of the pressure of 
steam upon the piston. 

Velocity of piston 174 feet per minute. 
load 253 feet per minute. 

EXPERIMENT XXV. 

High-pressure engine; cylinder 21 inches 
djameter^ elasticity of steam in the boiler 30 lbs. 
per square inch, above the pressure of the 
atmosphere; length of plane 3165 feet^ height 
43 teet^ being the same as detailed in Experi- 
ment XXII. Rope 4:^ inches, also the same, 

Time of drawing 13 loaded carriages, each 
weighing 9010 lbs., up the plane, 570 seconds; 
the engine making 444 single strokes, 5 feet 
each. 

Then 2P X .7854 = 346. 36 area of the cylinder, which 
X 30 lbs. = 10390. 8 lbs. pressure of steam upon the pis- 
ton, which, in the experiment, was moved through 444 X 5 
= 2220 feet; therefore, 10390.8 X 2220 = 23067576 lbs. 
moved 1 foot, the impelling^ power of the piston. 
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«H» Oa"S5?5in3x 5^i2l4!l4ib». fte grayHy of the 

load ; 
imd F = 42 X 12= 504 lbs. frictioD of the carriages ; 
iJw ^ by EJcperimeiiit XXn^ == 181 lbs. fesistanee ofthe rope; 

and — t =66 lbs. force required to cause tlie load to dc- 

scribe the UngUi of the plane is the timfi ^^ WO 8^<iend9» 
supposing it |ree fir^m frictiop* 

Then 1434 + 504 + 181 + 65 =2184 lbs. the resistancey 
ti^hich, in the experiment, wa^ ipoved through 3165 feet; 
therefore 2184 X 3165 = 6912360 lbs. the total resistance 
moved 1 foot. 

(23067576 power of engine, 
^^®°^® ( 6912360 effect produced ; 

Which makes the effective power of the en- 
gine equal to 30 per cent, of the pressure of 
the steam upon the piston. 

Velocity of piston 234 feet per minute, 

carriages 333 feet per minute, or 3 . ^8 

miles per hour. 

EXPERIMENT XXVI. 

Bigh'pressure steam-engin?, cylinder 16 
inches, pressure of steam in the boiler 501b$. 
per square inch, length of plane 2893 feet, 
height 57 feet 1 inches, being the same as 
Experiment XXI ; rope algo the same, 5 inches 
circumference. 

Time of drawing 8 loaded carriages up the 
plane, each weighing 8^3* Jbs., 390 seconds; 

p « 
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the engine making 400 single strokes, 5 feet 
<r inches each. 

Then 16' X . 7854 = 201 area of piston^ which, multiplied 
by 50 lbs., the elasticity of the steam, is 10050 Ibs.^ the 
jpressure of the steam upon the piston, which, in the expe- 
riment, was moved through 400 X 5.5zz 2200 feet. 

Therefore, 10050 X 2200= 221 10000 lbs. moved 1 foot, 
Ihe power of the engine. 

691 



And G = 8624 X 8 X rrzr: = 1373 lbs. 

34704 

Also F= 40 X 8 = 320 lbs.: and, by Experiment XXI, 

(P = 273 lbs. 

W S 
Also — ^ =1 81 lbs. the weight necessary to overcome the 

vis itiertite. 
Then 1373 + 320 + 273 + 81 = 2047 lbs. the total resist- 
ance, which, in the experiment, was moved through 2892 
feet; therefore, 2047 X 2892 = 5919924 lbs. moved 1 foot, 
the resistance. 

™ (22110000 the power of the engine, 

^"^® (5919924 the eflfect produced. 

Prom which we find the efiective power 
equal to 26 . 7 per cent, of the pressure upon 
the piston. 

Velocity of piston 33i8 feet per minute^ 

'■ — — load 445 feet per minute, or »5 miles 

an hour; 

The same engine was tried with 9 loaded 
carriages^ which were drawn up in 420 iSeconds. 

The resistance in this case would Ibe G= 1544 lbs. 
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P = 3e0lbs.;^ = 273!b«. and ■— ^ = 79Jb8.; which, added 
together, is 2256 lbs. x 2892 = 6524362 lbs. moTed 1 foot 

Whence } 221 10000 the power, ^ ^' 

i 6524352 the effect ; 
and the effective power equal to 30 per cent. 

Velocity of piston 314 feet per miniite, 

. load 41 3 f eet.pefr minute, or 4 , 7 milei 

an hour. 

In this experiment we find a greater ef: 
fective power produced by applying a heavier 
load^ but the time is diminished in nearly the 
same ratio. 

The relatiye effectiye power is oq J per cent. 

(338) 
And the velocity - Jgi4[feet per minute 

Whence we find the relative performances (9024 
with respect to time and effect (9340 

The preceding experiment, shewing the 
performance of these two kinds of engines, 
will form a rule for the practical application 
of similar engines to other plianes. The 
.effective power of the high-pressure engines 
is greater than that of the low pressure, .hut 
in these experiments; neither exceed 30 per 
cent. The velocity of the pistons was> how- 
ever, very great, .and this would have the 
effect of diminishing their performance cooni- 
pared with.the elasticity of steam in ;the boiler, 
otherwise we. might have expected a greater 
amount of effective power. I shall afterwards; 
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when treating on the loco<^motive engine^ 
enlarge a little more upon the effect of this, 
in dimini^ing the performance oi these kind 
of engines. 

III.— HORSES. 

The power of a horse, or that part of his 
muscular exertion, which, in travelling, he is 
i^jpabie iof applying upon the load, has been 
Variously sidted hf different authors. It is not 
Ihe force h6 is capable of exerting at a dead 
pull, or for a short period, by which we are 
to judge of, 6i estimate, his strength ; it is 
what he can exert daily, and day after day 
for a long period, without injury to his phy^ 
sical powers, that We are to take as the 
imterion fo^ practice. 

A Rail-road is peculiarly adapted to diow 
(Ate power of a horse, as he is continually 
^employed in overcoming the same resii^nce> 
and the ihdinaidon of the road in generid has 
liltle effi^t «i|>on the power required to over*' 
come the gravity of his own w^gfat . 

The following Tables will show different 
Rail^xiads, whtte korses have been msed for 
isomfe years, and the iiespective resififaiH^es 
w)iidi the infdlftnation of th^ road and die 
'firieftiob 6f the carriages presented to die aotioo 
of the horse. 



ON RAIL-KOADS. 3Jl 

TABLE III. 

Ttble of the Ime of rood on irtiick one hoiie trtvels 
itilh mx kwded cnrriagn, each weighing 8,.S401bs. wmiUr 
to Ezperinent IV, No. 1. ; and rebinu with six en^t; car- 
riages, each weighiDg 2,604IbB. flame as Experiment IV, 
No. 7. — Edge-rail, Killingworth Colliery Rail-road, frictim) 
loaded carriages 401be., empty carriagefl 14lbs. 



On examining the abcfVB TaWe, it will be 
seen that the aTerage renstanee with the lop,d 
is about 60 lbs. ; and in returning yiith the 
empty carriages 157 lbs., the mean 109 lbs. 
— The distance SI 56 yards. 

The horses were very large and heary ; they 
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generally traversed that distance eight times a 
day, being in all about nineteen miles.— rThere 
were four horses regularly employed, but it 
was found necessary to keep a spare horse, to 
give the others alternately a day's rest; so that, 
in fact^ five horses were kept to perform the 
constant work of four horses effectively. 



TABLE IV. 

Table of the performance of horses upon the Backworth 
Colliery Edge-rail-road, where a horse takes six loaded 
carriages, each weighing 9,0101bs. down the plane, and 
returns with six empty carriages up the plane, each weighing 
3,0801bs. 

Friction of loaded carriages 42lbs. and of empty l^lbs. 



Length of plane 
in feet. 


Descent of plane 
in inches. 


Gravity of six 

loaded carriages 

down the plane 

in lbs. 


Total resistance 
in lbs* being the 

difference be. 

tween the fric- 
tion and gravity. 


Gravity of six 

empty carriages 

down the plane 

in lbs. 


Total resistance 
in lbs. being the 
gravity and fric- 
tion together. 


330 


15. 


204 


48 


70 


160 


330 


14.5 


197 


55 


67 


157 


330 


7. 


95 


157 


32 


122 


330 


14.5 


204 


48 


67 


157 


330 


5. 


68 


184 


23 


113 


330 


5,5 


75 


177 


25 


lid 


330 


18. 


245 


7 


84 


174 


330 


12.5 


170 


82 


58 


148 


330 


16.5 


225 


27 


77 


167 


a30 


18. 


245 


7 


84 


174 


330 


31. 


423 


. 


144 


134 


330 


24.5 


334 






114 


204 


330 


38.5 


525 






179 


269 


330 


26. 

• 


354 






121 


211 


330 


20. 


273 






93 


183 


330 


31. 


423 






144 


234, 


330 


48. 


655 






224. 


314 


330 


40. 


546 






186 


276 


411 


41.5 


454 






193 


283 
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The preceding Table will show the perform- 
ance of the horses upon a portion of the Baek- 
worthCoUiery Rail-road ; these horses^ike those 
employed on the Killingworth Rail-road^ are 
extremely powerful, as may be presumed . The 
average resistance with the loaded carriages is 
43 lbs., and with the empty carriages 189 lbs., 
giving a mean of 115 lbs. ; they traverse the 
distance backwards and forwards most fre- 
iquently eight times a day, making nineteen 
miles. This Table may be taken as the maxi- 
mum performance of Horses, and will shew the 
resistance which a very powerful horse is capa- 
bly of overcoming occasionally. 
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TABLE V. 

Table of the performance of borses xipon the Team 
Colliery £dge-rmi«road, where a horse traTels wifii fenr 
loaded carriages dofwn tbd plane in Bummer, and returns 
with the same number empty; and with three carriages in both 
directions in winter. Weight of loaded carriages 895401bs. 
friction 401bs., empty carriages 2,6041bs* friction 14 lbs. 



s 




ane 


Resistance with four carriages. 


Resistance with three carriages. 


'•J 


Descent of pi 
in inches. 


Ascent of pli 
in inches. 












•55 

a 


Gravity ol 

th« loaded 

carriages 

in lbs. 


Total resisu 

ance down 

tbe plane 

in lbs. 


tjravity oi 

the empty 

carriages 

in lbs. 


rotai resist- 
ance up 
tbe plane 
in lbs. 


Gravity of 

the loaded 

carriages 

in lbs. 


Total resisU 

ance down 

the plane 

in lbs. 


Gravity of 

tbe empty 

cArriages 

in lbs. 


Total resist- 
ance up 
the pltfiie 
in lbs. 


430 


«l 




536 


• 


163 


219 


402 




123 


165 


500 


32 




182 


• 


55 


111 


137 




42 


.84 


500 


58 


_ 


330 


• 


100 


156 


248 




75 


117 


500 


48 


^ 


273 


. 83 


139 


205 


• 1 


63 


105 


500 


42 




239 


72 


128 


180 




54 


9o 


500 


50 




284 


• 


86 142 


213 




65 


107 


500 


37 




210 


• 


64 120 


158 




48 


90 


500 


• 




• 


160 


• 


56 


• 


120 


• 


42 


500 


• 


6 


34 


194 


10 


46 


26 


146 


8 


6 


500 


• 


32 


182 


342 


55 


1 


137 


267 


42 


• 


500 


. 


9 


51 


211 


15 


41 


39 


159 


12 


30 


500 


3 




17 


143 


5 


61 


13 


107 


4 


46 


500 


7 




39 


121 


12 


68 


30 


90 


9 


51 


500 


3 




17 


143 


17 


73 


13 


107 


13 


55 


500 


13 




74 


86 


22 


78 


56 


64 


17 


59 


500 


17 




96 


64 


29 


85 


72 


48 


22 


64 


500 


14 




79 


81 


24 


80 


60 


60 


18 


68 


500 


23 


• 


130- 


30 


39 


95 


98 


22 


30 


72 


500 


42 




239 


• 


72 


128 


180 


• 


54 


96 


500 


29 




165 


• 


50 


106 


124 


« 


38 


80 


500 


19 




108 


52 


32 


88 


81 


39 


24 


66 


400 


17 




120 


40 


36 


92 


90 


30 


27 


69 


600 


44 




208 


• 


63 


119 


271 


• 


48 


90 


500 


34 




193 


• 


59 


115 


145 


• 


45 


87 


450 


20 




126 34 


38 


94 


95 


25 


29 


71 




Tl 


1^ 


hrkrcia 


c onri' 


rkl/w^ 


A iin 


\r\rt ill 


10 alr%i 


■wa T^ 


foil- 



road are not so strong and heavy as those 
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upon the roads shewn in Tables III. and 
lY. T}ie average resistance with the loaded 
carriages is about TOlbs.^ and with the empty 
nearly 100 Ibs.^ making* a mean of 85 lbs« — 
The distance is traversed four times erery day, 
which is nearly twenty miles. In winter, (for 
about five months in the year^) they are only 
able to travel with three carriages ; though 
le^ than the other horses^ they are by no 
means small or lights but what may be termed^ 
moderately-siz^d. The resistance upon one 
part of the road with the load^ amounts to 
34® lbs. ; but^ as the carriage has previously 
acquired considerable velocity before it arrives 
at this part of the road, the momentum wiU 
aid the horse in overcoming the resistance, 
which is only for a short distance. 

The average resistance overcome by the 
horses in Table IV. is 115 lbs., and in Table V. 
85 lbs. ; taking the former as the eflfect of the 
largest horses, and the latter as the effect of 
smaller, we shall have as the mean 100 lbs., 
which may be taken as die performance of 
moderately -sized horses upon level roads, tra- 
velling twenty miles a day. If the frictkm of 
carriages be reckoned aX;.the 200th part of their 
weight. Table I., then the weight, which will 
present a resistance of 100 lbs. upon an Edge- 
raii-road, will be 20,000 lbs. ; as, however, the 



236 MOTIVE POWER EMPLOYED 

resistance of the carriages in winter would be 
greater than that shewn in the Table, ^we niay 
perhaps take the power of a horse as equal to 
1121bs ,, the mean of Tables III. and IV., tra- 
velling at the rate of two miles an hour/ or 
twenty miles a day, which, on a level Rail- 
road, would make the weight of goods con- 
veyed equal to ten tons. < 

Taking then ten tons, moved over the space 
of twenty^ miles a day,- as the performance of a 
horse/the effect will be equal to 200 tons one 
mile; and, as this performance is effected at 
that pace or velocity which the horse inad- 
vertently falls into himself, we niay consider it 
his' maximum effect. I have not in the Tablies 
given the speed at which the horses travelled ; 
that would vary much, according to the resist- 
ance presented in the different parts of the 
road; but the average velocity of Table 111. 
did not amount to more than two miles an 
hour. And 1 am inclined to think, from atten- 
tively noticing the speed of the horses in the 
other, at various parts of the road, that the 
velocity with which they travelled would not 
be more. 

I am' not acquainted with ahy experiments 
made on the performance of horses, travelling 
at different rates of speed.— The rapid diminu- 
tion of their power, from the great portion of 
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their muscular exertion required to move them- 
selves along, is observable upon the coaches 
and other vehicles upon the common roads. 

To obtain a sort of approximation to the 
energy of the power of hdrses at different rates 
of speedy I formed a kind of rule, on which 
I founded my calculations. Taking the force 
when continually exerted for ten hours, travel- 
ling at the rate of two miles ah hour, of for 
twenty miles a day, as deduced from the pre- 
ceding experiments, to be equal to 113 lbs. 
I made this a general expression, for his accu- 
mulated performahce. 

I found, when a horse travelling with a load 
was left at liberty to assume what pace he 
pleased, that hea.vy horses, such as used in 
Experiments III. and IV., generally fall into a 
pace pf two miles an hour ; and lighter horses, 
such as in Experiment V., into two miles and 
a half an hour ; I considered these as the paces 
where the muscular exertion of the horse suf- 
fered least in performing a certain quantity of 
work, and at which his effect would be the 
greatest, as I invariably found, on pushing a 
horse at a more rapid rate, he was more dis- 
tressed in performing the same work. I then 
took 1 13 lbs., which, whep the friction is equal 
to the 300th part of the weight, would be ten 
tons or 300 cwt,, multiplied by two miles an 
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hour ss 400^ as the general expressioi^ of hh 
performaace for twenty miled : and ^^nsidered 
that in travelling twenty miles at any other 
rate of speedy his effect would not be greater ; 
at leasts I consid^ed that the extra musculax^ 
exertion required to transport his own weight, 
which is more than seven times that which is 
exerted upon the load^ would be equal to that 
diminution of weighty which^ multiplied into 
the speed> would make the sum of his effort 
remain the same^ and equal to 400. 

Taking, this rule^ and ipfdcing v =: the velo- 
city in miles per hour^ we have 224 lbs. as the 
effort of ^ horse at one mile an hour^ and ^^ 

his effort at any other rate of speed ; or^ making 
400 as the expression of his performance of the 
weight multiplied into the velocity^ we have 
^ as the weight which he will drag^ upon a 

level Rail-road at any other velocity. 

Since forming my calculations^ I find Pro- 
fessor Leslie^ in his Elements of Natural 
Philosophy, had previously given a formula for 
calculating the force which a horse can exert 
upon the load at different rates of speed. 

He states, '^with regard to the power of 
draught, the formula (12 — t?)*, when v denotes 
the velocity in miles, an hour, will perhaps be 
found sufficiently near the truth. — ^Thus, if a 
horse beginning his .pull with the force of 
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1441bs. would draw lOOIbs. at a walk of two 
miles an houir ; but only 64 lbs. when advanc- 
ing at double that rate^ and not more than 
36 lbs. if he quickened that pace to six miles an 
hour; his greatest performance would hence 
be made with the velocity of four miles an 
hour/* ^ 

The above rule^ I find^ has been lately 
adopted by some writers on the subject; but 
having previously formed my calculaticms from 
the other^ and as it does not materially differ 
from that giveii by Professor Lesue^3 up to 
that rate of speed at which horses are gene- 
rally made to travel ; I shall not now alter 
them^ but shall in the Table below give the 
respective weights by each formula^ which the 
deader will have an opportunity of comparing 
together. 

TABLE VI. 



Miles 

per 

hour 

3 
4 
5 
6 


Force exerted 
upon the load in 
lbs. by the for* 

, 224. 

V, 


Load which a 
horse can draw 
upon a level raiU 
road in cwty. bj 

formula *®® 

V 


Force exerted 
upon the load in 
lbs. by Profewor 
Leslie's formula 

(ia-»5» 


Load which a 
horse can draw 
nponaleirel rail* 
road by Professor 
Leslie's formula. 


113 

741 
56 
441 
37i 


200 

133i 

100 

80 

66i 


100 
81 
64 
49 
36 


180 

144 

114 

88 

64 



Columns 3 and 5 are calculated on the sup- 
position that the friction is equal to the 200th 
part of the weight, and that the horse travels 
20 miles a-day. 
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IV — LOCO-MOTIVE ENGINES. 

, < 

In my investigations respecting loco-motive 
engines^ I shall confine myself wholly' to :those 
which effect their progressive motion by means 
of the adhesion of their wheels upon the rails ; 
the only engines of that kind at present in 
use which do not, are those of Mr. Blen- 
&INSOPS, at Leeds, with the rack-rail ; and as 
I haVe not had any opportunity of ascertain- 
ing their performance by the test of experi- 
ment; I shall not, therefore, attempt to give 
any opinion of their utility, compared with 
the other, founded only on report or on bare 
supposition. 

• I have , before explained the nature of the 
action of the engine-wheels upon the rails; 
and the principle by which the loco-motion is 
effected ; the great importance of knowing the 
precise amount of that adhesion, whereby we 
may be able to calculate, with certainty, upon 
what inclination of road, and with what num- 
ber of carriages, the engines can effect their 
progressive motion, will be very evident, as, 
upon that, the whole system of their action 
is regulated. 

This may either be ascertained by con- 
tinued observation of their performance upon 



Cert^ii ImiB oi roadb ; dr^ if may be mtde 
the -subject 0f direct ex paritnent. Tbe great 
variation ift (he amoant^ arising from the suf^-* 
face of the yail presenthij^ more or less ti&e-* 
sion to the wheels;, in different states of the 
weather^ renders it dii&ctiU' to sobjecA the 
etigines to experiments at all the rario^s 
dbanges; and almost compels ua to hare 
recourse to tlie two extremes in order to 
obtain a mean result. I shall^ therefore^ give 
th^ particulars of two experiments^ one in the 
most favorable^ and the other in the most 
im&Yorable state of the rails. 

When the surface of the rails afid wheels 
are either quite dry or completely wet^ the 
adhesian is the greatest^ the surface being 
then most free from the presence of ail extra^ 
neous matter ; when the rails^ on the contrary^ 
are moistened with wet^ and partly covered 
with mud^ t^e adhesion is the least : the mud 
interposing between tbe surface of the wheel 
and rait^ dimimsbes the adhesion very consi^ 
derably> in th^ same manner as oil or grease 
applied to ihe bearings of shafts^ or other 
rubbing surfaces^ reduces the friction. In all 
the intermediate states of the rail the adhesion 
varies^ a^d in greater or less proportk)n^ 
according ^s that state apprcmches more or 
less toward either of these changes. 
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r It will be evident^ that the total amount of 
adhesion is that force which would be required 
to cause the engine to slide along by its 
wheels upon the rail, if the wheels were 
prevented from turning round ; or that amount 
of force compared with its weight, which the 
friction of other rubbing surfaces bear to their 
weight. Knowing, then, the friction of iron 
sliding on iron, and the weight of the engine, 
we could deduce the amount of adhesion of 
an engine, compared with its weight ; or, by 
fastening the engine-wheels, and employing 
a force to drag the engine, loaded with dif- 
ferent weights along the Rail-road, we could, 
by this mode, ascertain the amount of adhesion 
proportionate to the weight; either of these, 
though very correct modes of ascertaining the 
total amount of adhesion, compared with the 
weight, would hot, perhaps, be so accur&te 
a standard for practical application. The force 
of the steam, at different periods of the stroke, 
being very irregular upon each wheel, might 
occasion the result, in practice, to vary from 
that deduced by the foregoing methods. 

EXPERIMENT , XXVII. 

Loco- motive engine, weighing 6j tons, and 
containing 1 ton of water, = 7^ tons, dragged 
12 loaded carriages, each weighing 9408 lbs.. 
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Up a plane ascending 134 inches in 1164 feet/ 
and al^o the convoy-carriage, weighing l^- 
tons, the wheels not slipping. Rails quite 
dry. Edge-rail 2^ inches broad at the top. 

Then, weight of the engine 16800 



12 carriages = &408 X 12 = 112896 

_ 3360 _ 134 ,^^^,. ./ 

Convoy-carriages -j^^^ X ^^^ = 1277 lbs. grayify 

Friction of 12 carriages, at 43 ibs. each - =516 
Friction of convoy-Airriage - - =z 17 



1810 lbs. the to- 
tdi resistance overcome by the engine, (exclusive of the 
power required to propel itself forward) ; and, c6nsequently» 
the adhesion of the wheels upon the rails, when the surface 
of the rails are dry. 

EXPERIMENT XXVIII. 

' Same engine, with 29 empty carriages, each 
weighing 3472 lbs., up an ascent of 1 in 324; 
rails slightly covered with mud, and in the 
worst state; wheels slipped a little, but the 
engine proceeded at the rate of about 4 miles 

an hour. 

.^ j_ - 

Then, as before, 16800 + 3360 + 3472 X 20= 96128 X 324 = 
290 lbs. the g^vity of the engine and carriages. Friction of 
carriages 29 X 16 = 464+ 17 = 481 lbs.; which, added to the 
gravity, gives 481 + 296 = 787 lbs., the adhesioh in Ihe worst 
weather. 

This latter should, of course, be taken as 
that resistance with which the engine should 

Q 2 
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bfe loaded; and dik would foe sufficient to 
dmg about 70 tons upon a level road. The 
engine -wheels/ however^ a6 stated in the expe^ 
riment, slipped a little^ and though the pro- 
gressive motion was notwithstanding kept up, 
yet such a slipping of the wheels would have 
a very injurious effect^ not only upon the 
wheels, but also to the rails. The load should 
not, therefore, be so great' as to produce such 
an effect. 

Prom several years' observation of their 
performance upon the Killingworth Rail-road, 
I a^m inclined to think the above rather too 
high, without incurring the risk of slipping. 
There ; they travel sometimes with 9 and some- 
times with 12 carriages, amounting to 36 and 
46 tons respectively. HThe greatest ascent, 
upon any part of ibe Rail-road with the load, 
is 1 in 330 ; aQid in returning, witiii the empty 
catriages, 1 in 80. The wheels, in very bad 
weather, slip sometimes witb 13 carriages; 
but the engines, in the worst weather^ are 
never prevented travelling with 9 carriages. 

• • • 

Taking the latter as the datum, we hare 8764 lbs. the 

I 

weight of each carriage X 9 x 35o =: 61 lbs., the gravity 

J_ 

of the carriages. And 16800 4- 3360 x «i30 = 239 lbs., the 

fMivity &f the engme and convoy* Tfaea 9 x ^ = 36Dlbs.^ 

ikt (dctiOA of the carriages, and 17 lbs. ihe friction of ih» 
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convojr- Whence 61 + 939 + 360 + 17 s: 677 lbs., the re- 
sistance which the eqgiae is capable of overcoming by 
tbe adhesion of the wheels at all times upop an Edge-rail-' 
road without slipping. 

Tfee weight of thQ engine is about 16^800 lbs. ^ 
whence the amount of adhesion miU be efual ta 
the %hth part of the weight ; and^ as the friction 
or adhesion will always be in proportion ta 
th6 pressure upon the rails^ this i^xpres^on 
Vf\\\ be constant^ and will apply %o fsngine^ of 
4ii&rent weights. 

Having thu^ ascertained the prop<Htion 
which the power th^ enaUes the engpine to 
effect its progressive motion |)ears to it$ 
weighty we can easily calculate the acclivities^ 
which^ with certain weights^ will prese^at resist'- 
aaces corresponding with this power. Thus, 
upon a level plane^ the engine will overcomd 
% r6Bibtan/(^e the amount of which is equal to 
the 25th part of its weight; or taking the 
friction of carriages ^e SQQth part of tl^eir 
weighty a load ^qual to W ^^ ^^ weight. If 
ihe ai^clivity 'of the plan^^ on which the engin^Q 
IS made to travel, be suph, that th^ height is 
^equal to the Sl5th of its length; thea the 
wbol# adhesion of the engine wilt be ^equi^^4 
t/^ drag itself forward, and none w4U be left 
iox the load ; and, in all the Iptermed,!^ 
degrees of elevatio^^ betw^eii a dead level and 
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the above inclination of plane^ the amount of 
adhesive power, which the engine can spare 
to the load, above that required to propel 
itself forward, will be inversely as the sine of 
the angle of inclination, or as the height of the 
plane to its length. 

The above will give the limits to which the 
nature of their action restricts the application of 
this kind of engines, and will shew upon what 
inclination of road they can be used : this vrili of 
course vary with the weight of the engine, and 
the load which it has to overcome ; but, in every 
case, making K = the weight of the engine. 
If the total resistance, arising either from the 
gravity of a certain elevation of plane, or from 
the friction of the carriages, or from both con- 
bined, do not exceed ^, the adhesion of the 
wheels will be sufficient to enable the engine to 
effect a progressive motion in all states of the 
weather without slipping. 

The leading object of all machines, espe- 
cially of this kind, is to perform a definite 
quantity of work in a given time: to do this 
with the least expenditure of power, there 
will be in every case a certain load com- 
pared with the weight of the engine, which, 
when used, will make the performance a max- 
imum : it will, however, be impossible to as- 
certain this, without a perfect knowledge of aH 
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the phenomena of their action^ and this again^ 
perhaps^ cannot be ascertained without subject- 
ing them to the test of experiment. Obserya- 
tion and experience may guide us in forming a 
judgment of the performance of any engine, 
but it is only by subjecting them to experiments 
in all their various modes of action, that their 
general law of action is developed. 

To accomplish this, I commenced a series of 
experiments on the Killingworth Rail-road, 
with the engines there used; and, by applying 
different engines with the same load, and also 
the same engine with different loads, I was 
enabled to ascertain, with nearly perfect accu- 
racy, the relative performances both with, 
respect to weight, and also to velocity. 

With the expectation of reducing the friction> 
and also to obtain the performance at different 
rates of speed, I affixed larger travelling-wheels^ 
to the engine, and, by experimenting upon 
the same engine, with different-sized wheels, 
I was not only enabled to prove the relative 
performances of wheels of different diameters, 
but also to ascertain the actual amount of 
friction inherent in the engine itself. 

The following Tables will shew the result of 
these experiments. 
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4cc&9mt ^f ^wne ExperimeHts nude <m the per- 
forvMuce ijf hcQ-nwiive engine$ upon the aUr 
Imgworth R»U-road, 

Length of plane 2360 yards^ with an ascent 
in one direction of 6 feet 5 inches^ not uniform^ 
varying from a dead levels or slig^btly undu- 
l9.ting^ to an ascent, in one place, of I in 330 — 
Edge-rail 2| inches broad on tbe surface ; car- 
riagejs all the same construction, weighing 81^ 
€wt. each, wheels 34 inches diameter, axles 
^ inches diameter. 
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No* h — Loco-mQtive engine of the coostruction repre* 
«^Ued m Fitf. 1 and 2^ Plate V.^ length of boiler 8 feet, 
4)ia,a(ieter 3 feet 9 inchet, diameter of tube ta which the fuel 
18 placed iO inches^ with two cylinders 9 inches diameter 
each; wheels of different diameters, as explained in the 
following Table ; steam 50 lbs. per square inch. 

TABLE VL 
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39 


90S 


34 


266 


3S^ 


166 


:» 


133 


36 


Dlitasce tiaTejrscd] 

80 miles in 9 honn 

f$minf'% coals «oO' 

snmed S,S34lbs.; 

water 800 gallons. 


^ - --■ , 

Dlatance Jtravcrscd, 

It'.S miles in 9 hoan 

IT min. ; floats con^ 

snmed 2,5341 bs. ; 

water B54 gallons. 


Distaacc tramejned* 
23 miles in 4 hours 
43 mi«* ; eoaU p«a* 

snmed 1,346 Ibe. ; 

water 453 gallons. 
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No. II.— Loco-motive engine, similar construction as the 
preceding, except in the dimensions of the boiler and tube. 
Length of boiler 9 feet 2 inches, diameter 4 feet, and dia- 
meter of tube 22 inches, cylinders each 9 inches, wheels as 
per following Table, steam 50 lbs. per square inch. 

TABLE VII. 



• 

s 
1 





o 

k 
V 

E 

9 

"l 
2 
3 
4 
6 
6 
7 
8 
9 

10 


Experiment XXX|I. 
3-feet wheels, car- 
riages, weighing 731 i 
cwt. 


Experiment YXXill. 4-feet 
wheels, 12 carriages, weigh- 
ing 070 cwt. 


Up the 
plane. 


down the 
plane. 


np the 
plane. 


duwn the 
plane. 


a 

Eg 
? 

17 

20 

21 

21 

23 

23 

21 

21 

23 

22 


•1 
t^ 

u U 

M a. 
42 
36 
34 
34 
32 
32 
34 
34 
32 
33 

34 


.3 . 

ss 


•0 e* 
v.S 

IS 

CO ft 

45 

40 
40 
40 
40 
40 
40 
40 
38 
38 


Time in 
min. sec. 


^ ft 


Time in 
min. sec. 


« e 

M e 

2 V 

03 a 


16 
18 
18 
18 
18 
18 
18 
18 
19 

19 


11.40' 
9.20' 
8 22' 
8.16' 
8.10^ 


34 
43 
47 
48 
49 


9.4' 

8.6' 

7.40' 

7.42' 

7.65' 


44 
49 
51 
51 
50 

49 






















212 


180 


40 


45.48' 


43 


,40.26' 


Distance each journey 
980O yards. Totol 20 
miles ; ascent 6 feet 5 
inehes ;' time 6 honrs, 
3S min. ; coals con- 
sumed 1487 lbs. ; water 
490 gallons. 


Distance each journey 2002 
yards. Totol 11.375 miles; 
distonce passed over in the 
above time, 1061 yards each 
journey, or 9.45 miles ; time 
1 hour 96 min. 14 sec. ; coals 
consumed 587 lbs. ; water 200 
gallons. 



The preceding experiments were made upon 
a piece of Rail-road^ with a nearly uniform in- 
clination ; the rails were not of the most modern 
construction, and would, therefore, in some 
places, present considerable obstruction to the 
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^wheels of the carriages. The experiments 
were performed with the strictest regard to 
accuracy ; the coals were measured by a stanr 
dard coal-tub^ strike measure; and^ to be certain 
with regard to the weight, sevieral tubs were 
also weighed, arid the difference of weight, 
which was scarcely worth noticing, averaged. 
The water was also carefully measured . 

In the first four (experiments, the time was 
marked when the engine began to more from 
the end of the plane, so that the force required, 
and also the delay taken up in putting the 
carriages into motion, was included . No attempt 
was made to augment the speed of the engine 
to the greatest that could be performed; my 
object being to ascertain the relative perform- 
ances with different wheels and. different loads. 
I therefore endeavoured to keep up a speed as 
equable as possible, and, in doing so, I had 
frequently to regulate and check the velocity 
to obtain the same number of strokes per 
minute in each experiment. 

In the fifth experiment or XXXIII, the engine 
was allowed to traverse a given space, to put 
the train of carriages into their proper velocity, 
before the time was noticed ; the time was then 
marked until the velocity was again checked at 
the farther end of the stage. This will explain 
the difference between the two distances men- 
tioned in that experiment; the one was, the 
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whole distance frokn the commencemeat to the 
end of the stage ; the other was^ that part of 
the stage which the engine pcussed oyer^ when 
the regular velocity was acquired^ and before it 
was again diminished at the end of the stage^ 
to st(^ the train ; the time giren in the TaUe 
was that which transpired while the engine was 
passing over that space^ while the velocity was 
uniform ; and may, therefore, be taJcen aa a 
measure of speed. 

Experiments XXiX and XXX were made, 
to ascertain the efiect with wheels of dif-^ 
ferent diameters. The engine was die same in 
each experiment; the only alteration made, 
was taking the 3*feet wheels from off the axles 
of the engine, and replacing them with wheds 
4 feet diameter. The stage was the same, and 
every care was taken to make the experimoit 
an accurate comparison of their relative eSSectB. 

Consumption of coals and weight propelled 
remained the same. 

S-feet wheels^ traversed the f 36 miles 

> laipefitiwe x 
4-feet wheels) distances of (48.8 miles; 



No. I. Bpgite \ f laipeetiwe "f 

ofC48. 



Whence we Jtnd, thai, with a gwen giw^Uy of 
fiielj the distance trmersed bjf the engine, wtk 
iifferent-eized whede, iemthe ratio of the difh 
meter 4^ these ^ wheeh, when the had is the $ame 
tM both ea&ee. 

Tlie consumption of fiiel, when every cir- 
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cumfitftnce remains the sarne^ being as the space 
passed over ; then, aid 63380 yards, the space 
passed over iu Eltperiment XXIX : S&341bs. 
the coals consumed : : 85880 yards, the space 
passed over in Experiment XXX : 3439 lbs. 
the coals which would have been consumed 
in Experiment XXIX in traversing 86880 
yards ; the relative consumption of coals will 
then be ^ 

\ 3-feet wheels / distance ancl load ^.^439 lbs. * 
No. I. "Enpa* \ v ttie sane in eacb <^ 

( 4-feet wheels ) Experimeikt, C 2534 lbs. 

From which we have the relative consumption 
ofjnel hf the same engine, with 3 and 4 feet 
wheels J as 3439 : 2534^ which is nearlg in th^ 
inverse ratio of their r^ective diameters. 

It may appear paradoxical to some, that^.by 
increasing thie wheels^ the engine was enabled 
to pass over a greater distance without any \o^ 
of effect ; smd might lead to a supposition^ thftt 
by making the wheels extremely large^ , it 
might travel with very little power at all ; but, 
when duly considered, it will prove very con- 
soxiant with reason, and what, from the nature 
of the action of these machines, we might have 
been led to expect. 

Before, however, explaining this, it will be 
necessary to ascertain the amount of the whole 
retarding forces opposing, the motion of the 
engine, viz. the friction of the engine, and the 
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friction of tlie carriages. The latter I have 
previously shewn ; I shall^ therefore, give an 
experiment made to ascertain the former. 

EXPERIMENT XXXIV. 

Upon the same plane or piece of Rail-road 
described in Experiment V ., with a descent of 
1 1 feet 3 inches in 388 yards, I allowed 5 loaded 
carriages, each weighing 9408 lbs., to descend 
freely, as explained in that experiment, which 
they performed in 120 seconds. I then had 
them drawn up the plane again, and attached 
the engine to them, shutting off the communi- 
cation between the boiler and the cylinders ; 
•so that the steam could not act upon the 
pistons, either to accelerate or retard the mo- 
tion of the engine ; the top and bottom of the 
piston being alternately open to the atmos- 
phere; the only obstruction to the motion of 
the engine down the plane was then the fric- 
tion of the various moving parts. The car- 
riages and engine was allowed to descend the 
plane freely, which occupied 150 seconds, 
making the obstruction of the engine, to the 
gravitating force of the waggons, equal to 30 
seconds. 

The weight of the engine and convoy-carriages together was 

* • • • 

9 tons =: 20160 lbs., and the carriages 9408 X 6:=^ 47040 lbs., 
taoaking together 2ai60 + 47040 == 67200 lbs. 
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TThen the retardation^ caused by the friction 
of the whble^ will be 

ws 

Theorem (B)F = G— —^ = 428 lbs., the friction of the 

engine and carriages. Bj Experiment Y. we hafe the friction of 
the carriages 43 X 5 = 215lb8.; whence 428— 215 = 213 lbs., 
the friction of all the moving parts of the engine. 

The resistance of the engine, when moved 
along, and not subjected to the pressure of the 
steam, will then be 213 lbs. ; of this, taking the 
friction at the SOOth part of the weight, 100 lbs. 
will belong to the axles and the action of the 
wheels upon the rails, leaving 113 lbs. as the 
friction of the pistons, connecting chain, and 
other rubbing parts of the engine. 

The total friction, however, when employed 
in dragging a load after it, or that^part of the 
power required to produce a progressive motion 
in the engine itself upon the road, when loaded 
will be different, and will be greater than when 
the simple motion of its parts only are con- 
cerned . When loaded with a certain resistance, 
the' whole of that weight or pressure has to be 
transmitted from the impelling to the impelled 
part of the engine, or from the pistons, to the 
wheels upon the rail, through all the interme- 
diate parts ; and this pressure, acting upon all 
the various parts of the engine, forming the 
connection between these two points, will 
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pecessarily produce friction^ and, consequeiUlly^ 
add to .the resistance ; and this will be greater, 
when the engine is heavy^ than when lightly 
loaded, being in proportion to the pressure 
thrown by the load upon all these intermediate 
parts. 

The total amount of friction will, however, 
depend upon the extent and number of the 
moving parts, and the quantity of rubbing 
surface caused by one rotation of the engine- 
wheels ; and this will be always the same, in 
one revolution of these wheels, or in one 
complete stroke, whatever be the progressive 
motion of the engine in that revolution, except 
what arises from the rolling of the wheels 
upon the rail. 

Suppose, now, instead Of the engine proceed- 
ing 9 feet during one complete stroke, or in 
one revolution of the wheels, the space passed 
over be 12 feet, then the amount of friction 
arising from all the moving parts of the engine 
is the same in each, while the progressive 
motion is as 12: 9. The quantity of friction, 
therefore, compared with the progressive 
motion of the engine, will then be diminished 
in that ratio, by u^ing wheels of the diameter 
of S and 4 feet respectively ; atid the effect of 
rtie engine will consequently be proportionably 
increased. 



ILct ws take tfee first two experiments in the 
^algfle VI. ; «vefy <4re»mstance Temained fhe 
'Sftmc, except ttie wheels. The engine, vfiOk 
Blike weight ef faei an^ load, Irarehed >*8.8 
imles wWi 4-#eet wl^eete, in -tfie time that the 
«aHie eagme tnwelled S6 trifles with 8-iect 
wheels, or the qoantity of fiiel in travelling the 
«ame distance was as S439 : S&M. 

Now, as the weight of ftiel eonsnined wffl 
be a measure of the fjttantityof steam, and, 
oonsequentty, <yf the power expended in pro- 
^tifig the load, weean then, from the quan- 
tity ctf ftrel eonsumed in the different eases, 
determine the total amount of resistance. 

With 4-4eet wheels the weight propeHed by 
the engine was 731 ewt. and ithe quantity otf 
'4)0aliB eonsumed was 9dS44bs. 

With tS-feet <Wh6efe, <he wei^ was -^Sl 

ewt. and the eoals 3499fbs. TPhen, as 18584 : 

S439 : : 7^ :®93ewt. the leadwtich worfidhayc 

been propelled %y §ie 4- feet wheels, with the 

^el used fey the engine wiflii 3-feet Wheels, 

—the load Whidh the *la*ter took was, however, 

"VSfl cwt. ; henee, the adoption of 4-feet \Aeels 

would adm^it of on increase of load equal to 

«»!fc^73a=a61 cwt. The friction c^f 731 cwt., 

or 9 loaded carriages, is known to -be '36® lbs. '; 

tJiererore, as^SS : 360 : : 3©1 : !«81bs. the ffimi- 

witiqnof*E4ction by theuseof the 4-^eet wheels. 

This reduction, in the amount of ^Frietion, is 

R 
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therefore produced by the diminution of all the 
rubbing parts of the engine^ compared with the 
progressive motion. In travelling 48 miles 
with the 4-feet wheels^ the same number of re- 
volutions of the engine- wheels, and conse- 
quently the same extent of rubbing action 
occiirs, as before took place in travelling 36 
miles with 3- feet wheels : and hence we find 
the consumption of coals nearly the same in 
performing both jour nies. 

From the diminution of friction, by the in- 
crease of one foot in the diameter of the wheels, 
we therefore find the whole friction of the 
engine. ; 

The ratio of the wheels were as 3 : 4, there- 
fore, by the application of 4-feet wheels, one- 
fourth of the friction in passing over the same 
space will be annihilated ; whence 128 x 4= 
bl2lbs. the total amount of friction with the 
3 feet wheels, and as 4 : 3 : : 613 : 384: Us. the 
friction of the engine with ^feet wheels. 

We see, therefore, the reason why the same 
quantity of fuel produced difierent effects with 

3 and with 4-feet wheels; in the former, the 
friction was 512 lbs. ; increasing the wheels ix> 

4 feet, diminished that friction 128 lbs. ; and 
this diminution of friction amounts to more 
than the resistance of 10 tons upon a Rail-Way, 
which enables the fuel to produce a correspond- 
ing increase of eflfect. 
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By further enlarging the diameter of the 
wheels^ however, a corresponding increase of 
effect will not take place^ because the reduction 
of friction will then only b^^in the ratio of the dia* 
meter of the wheels upon the diminished friction 
of the engine^ or to one-fourth of 384 lbs., and this 
too will only take place if the constrOction of 
the engine be not altered. If the diameter of 
the axles be increased, so as to compensate 
for the additional strain by large wheels, the 
extent of rubbing surface will be thereby also 
increased, and the diminution lessened accord- 
ingly; but, as this increase would form only 
a small part of the whole friction, the use of 
large wheels to effect an increase of velocity in 
the engine will always be of great advantage. 



. - . . > .... 

My next object was to ascertain the con- 
sumption of fuel, both as regayds its absolute 
quantity, and also the comparative quantity 
with different loads. 

An inspection of the result of the experiments 
given in the Tables will shew this ; but, as it 
will be found that the quantity varies much, it 
may be necessary -to enter a little more into ^ 
detail respecting the. cause of siich variation ; 
and this explanation will also be the means 
^f shewing a very important discovery in the 
construction of engines for diminishing the 
quantity of fiiej. 
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The e&fKrknen^ ^vere mi^ irith if>o tn- 
ginsft, ivviiich I inine termed No. i. «o4 No. 11.^ 
the ftrfit fanniBj^ the .^xfrarimeitts <kf Titlite TI, 
€Kia tbe Ifttter of TaMe VII. The ciMlstrUc^ 
tioi) of both engines mere piiedfieiy tiile «ai39e» 
;except ii) the size of the tobe whidi patefi^ 
tbroi^ the bojber ; no pwrt of Ifae lK>Her 
iteeif, fts lyiti be seen xm e:QHBii«Atkm of tbe 
4pawiflg, is exposed to the Street ui^ti^n ^f tfae 
^^lited fuel ; ft tinbe is put tbrwii^ Abe bbiler, 
withija which^ up<m grate haf^, th^ fiiel 4« 
jllfioed, and, m this tnann^^ tbe heat is €ocn«Ru- 
fiieatedto the water in the boiler. Tbeei^ient 
of swface of thie water exposed to the direct 
iMction of the 6re, mil (ben he e<|iial to the 
§ieii^*fiferiph€ry of thi& tube.. In the No. i. 
engine this4ube was 20 inches diameter ; and^ 
in Hie No . II . ^^ine,, 22 inches diaoieter ^ imd^ 
€gi;:c6pt 0. corresponding dMerentce in the ^Ke 
of the chimney^ the ti^vo engines w^ere^ in every 
other respect, the same. 

€<Mtopafing Experiment XXIX with XXXII. 
ivhar^ the. ^ame load was taken^ we. find the 
^uan^Aty of fuel consumed by the foriaer^ in 
traveling 6S@80 yards^ to be 25341b8.y imd^ ia 
the hi:tter, for travelling on the same ^noufid^ 
4da00 yftrds, equal U> I46Tlbs. Then, m 
63fm) : 4^300 : : 1467 : 2101 lbs, Ther^foHcj, 
th« illative consumption of fuel by the tw^ 



engincs^, m prodticmg the^ same effeetj^ rs as 
2534:2^roa, which shews ftie saving dffnel, by 
iQCf easing the surfece of the water exposed to 
the ^iQn of the fir^> in the j^tip of 32 : 40. 

Kjmwmg Ihi9, k need seared y be a4de)d» 
<9kat, hi every ease, Che eoftsumj^ioiv oi foe* 
in these engines wilt, in some measure, depemf 
^pon the extent of surface exposed to the 
action of the fire. This, na doubt> arises from 
the kitfen^iy of the beat Hac9$sary in c^tircpw 
tubes to keep up a constant supply of 9teaiR> 
producing a more rapid combustion of the fael 
iind throwing it oflTimperfectly coBsdB^edf. In 
wider tubes, the intensity is diminishe^^ mA 
the fuel undergoes a more perfect combustioil^, 
And thus produces a greater effect. 

The knowledge of this fact will unquestion- 
ably lead to a further din^Na^1iQ^ ip th.e ,cch?i- 
sumptipR of ^e fuel^ ev^n vjk ike same engi^ss. 
it v)^9«ild nd|t> tber^fi?^, f^rtiajps be tr^atjugi^ 
tl;^ silbj^fSt ^ly, t^ ^^ sijt pr/esen|; ^ \xm^^) 
ae^tifVrl QOii9U|aipU^n for t^ perforiWQbcer pf ^ 
d^BJrte jpai^ti^y of work ; aa^ how^veir^ ^h/^ 
sf^ of savi^ om ^ any tiipe be applied to, 
^f pjarticidar .^uifiutity ftx^4 yp90> I ^^l^ 
€pii;^feqj4eatly^ giy^ the r^^U of the co^«Hfip^-v 
tiQ]R,.a(^4edRqefd by the foregx?^. efjpeximen^ ; 
but, first of all, i shall ascertain the celft.tiv.e 
q^nJbity witjti difliei^ent ^o^ds. . 
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Comparing Experimeats XXX. and XXXI., which were 
performed by the same engine, and un^er precisely the 
same circumstances, except, the load, which, in the former, 
was «with 9 carriages, weighing 73l|cw{., and, in the latter, 
with 12 carriages weighing 975 cwt.^ the consumption was 
with 9 carriages in travelling 85880 yards 2534 lbs., and 
with 12 carriages 1546 lbs. in travelling 40680 yards*. 
Then, as 85880 : 4680 11 1546 : 3263 lbs., which would 
hav« been consumed in conveying 12 carriages 85880 
yards. Therefore, the relative consumption of fuel, with 9 
and 12 carriages, is as 2534 : 3263. 

We have previously ascertained the friction of the engine 
lo be 384 lbs., and the friction of each of the carriages to 
be equal to 40 lbs. each. 

Thea 384 + 40 X 9 = 744 lbs., the resistance of the 9 

carriages and engine. And 384 + 40 X 12 =z 864 lbs., the 
same with 12 carriages, which makes the respective resist- 
ances as 744 : 864. Now, as 2534 : 3263 : '. 744 : 958 lbs., 
so that the consumption of fuel is greater in the ratio of 
958 I "864 than the direct increase of resistance by the fric- 
tion of tlie additional load. 

It was, however, before stated, that the 
^transmission of an increase of • resistance 
through all the working parts of the engine 
would create an additional degree of friction, 
and this will, perhaps, partly account for the 
(Consumption of fuel increasing in a greater 
ratio than the simple resistance directly, though 
the different states of the rail will frequently 
have a greater effect than this upon the con- 
sumption of fuel. 

Comparing these with the experiments on 
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No. II. engine, we have, making the distance 
the same in each experiment, viz . 

As 20020 : 45200 :: 587 : 1325 lbs. consumed by Expe- 
riment XXXIII. in traversing the same distance as Expe- 
riment XXXII. The two were performed with wheels whose 
respective diameters were as 3 : 4, but it has been before 
shewn that the effects are in the inverse ratio of the size 
of the wheels; we then have 4 13:: 1487 : 1115 lbs. the 
weight of fuel which would have been consumed by Experi- 
ment XXXII., if 4-feet wheels had been used. The rela- 
tive quantities with 9 and 12 carriages will, therefore, be 
as 1115 : 1325; the relative resistances, as above stated' 
were as 744 : 864 ; therefore, as 1115: 1325 : : 744 : 876, 
the resistance which the quantity of fuel consumed in the 
experiment would have overcome, the direct resistance is 
864', so that the consumption of fuel, by experiment, is only 
greater in the ratio of 876 : 864 than the direct amount of 
the friction of the engine and load. 

I ■* • • 

This ratio being so very nearly equal, and 
as the variation of resistance, by the different 
states of the rail, will frequently amount to 
more than this, we may, in practice, take the 
Experiment XXXIII. as the datum for the ab- 
solute quantity of fuel, and assume tke relative 
consumption toith different loads as proportion- 
ate to the respective resistances presented hy the 
friction of the load, added to the friction of the 

engine. 

By taking this experiment as a datum, we 
proceed on sure grounds, as being nearly the 
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ftMadMitfii!ploa4> for, if aRydliniiicrtioiiofffictkit^ 
takes place ift th^ ^n^€, viiMn e«ifi&f^4 
in dmipging a lighter load, the consumption 
of ^el will be more than proportipnably 
redfticcid ; and^ thou^ against the effect of the 
tmgixit, will be the safe side in practice. 

The cdttfeumptidn of coals m Experiment 
XXXiit. was 587 lbs. for conveying 075 cwt, 
o( goods, exclusive of the weight of the efigine 
and convoy "Carriage, 200SO yard» upoii a bori^ 
lontal plline. 
Heducing this to the consumption per mile, tiz : 

M 90020 2 1760 :: ^87 : 51.(>51b8.^ the fuel consume^ 
yto mile m eofciveyuig 975 cwt. ; the resiAtance of 975 cwt^ a» 
biifbre ftMed^is 4801l]fS* and the frittioft of the engine 384 lbs. ; 
therefore, the quantity of eoak consumed, in evercombg a 
jresistance of 480 + 384 = 864 lbs, for a mile is 5L55lb8. 

liCt P £t the friolioa' of ^ en^ne =: 364 lb&, 

£t^ the friction of any nunsber of carriages which 
may be taken as the 200th part of their weight; 

Then, as §64 lbs., the friction of the carriages coi^^eyed 
I mile, t i^ tt5 5).55lb«. the coals eotisameil m coureyiug 
ihtise gs66d^ ft mile, cm per eitperita^oC; trSoittP4-il>.lliis 
(MiMalieife ivt witf Atber nnober ef oariiages tttd^ engtiMi : to 

»l.A5xiHrp 

864 

the 4)uaQtity of coals required to convey any given weight 
,of goods, whose friction or resistance^ is equal to R, the 
distance of one mile upon a level Edge-rail-road. 

The formula — • — g^j will tiien represeni the con-^ 

sumption of coals with any load R, and if by a furthef 
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dHBinvtiott; 'm tlie eoKHnnptiMi' tuS Ibt Aid, tite qiumtity ftp 
mile be reduced below 51^5, then tbe dknimfhed ^nnti^]^ 
can be substituted in its steady and tbe formula will still 
represent the quantity with different bads. 

Tfce reader wiH scarcely expect that I should 
again recur to the subject of friction^ after the 
experiments already detailed. It may appear 
hcrwerer, to some, and I know it has already 
heen made the subject of discirssion, that, 
when the steam m the boiler is of a degree of 
elasticity equal to 50Ibs. per square rach of 
surface, that, in estimating the power of the 
engine, the same degree of pressure should be 
^calculated upon the surface of the pistcm ; and 
that the difference between the amount of sudh 
pressure, and the actual performance of the 
engine, is the measunr of the friction, or, as it 
is termed, of '^ the power lost/' I nttsst confess 
the difference between the two effects at first 
appeared great ; but, on considering the method 
by which the steam is transmitted from the 
boiler to the cylinders, and by also subjecting 
the engine to experiment, the cause soon be- 
came very evident ; and, when 1 found that the 
same law operated in other high-pressure en- 
gines, die reason could then no longer be the 
Sffbject of mystery . 

In att high-pressure engines, acting solely by 
the elasticity of their steam ; and, indeed, in 
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all elastic fluids whatever, when those fluids 
are subjected to great degrees of pressure, and 
are thus made highly elastic,' there is a ten- 
dency in them to resume their original elasti- 
city, or the density of the surrounding atmos- 
phere. 

. Steam, when confined, may be highly elastic, 
from the continual addition of successive par^ 
tides produced in the evaporation of water ; 
and air, from the expansion or compression of 
the same particles ; but the law of their elasti- 
city, when subjected to pressure, remains the 
same, and each has the same tendency to 
expand, when the pressure which keeps them 
in that state is removed. 
, When, therefore, an aperture is made in a 
vessel or boiler^ containing steam highly elastic, 
the tendency which fluids of different densities 
have to assume a state of equilibrium, will 
cause the steam in the boiler to rush out into 
the atmosphere ; and the velocity of efflux will 
be proportionate to the difference between 
the density of the steam in the boiler, and that 
of the space into which it rushes. 

..It is a well-known law of pneumatics, that 
air rushes into a void with the velocity which 
a heavy body would acquire by falling from 
the top of a homogeneous atmosphere ; and that 
the velocity with which a fluid of greater den- 
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iity rushes into another fluid of less density^ is 
as the respective densities of the fluids. 

It is in this manner that the steam of the 
high-pressure engines acts in its passage from 
the boiler to the cylinders ; a passage is made 
between the two; the area of which is made 
greater or less by opening or shutting the 
throttle-valve by means of a regulator ; when 
this opening is made^ the steam issues through 
it into the cylinder with a force proportionate 
to its density, and, expanding itself, would 
make its escape into the air^ if not prevented 
by the intervention of the piston . 

If now the piston be made to move up and 
down with a velocity equal to the rate of efflux, 
then the steam will exert no pressure upon it 
at all; and, the nearer the two velocities ap- 
proach towards each other, the less effective pres- 
sure will be exerted upon the piston. Again, 
if the piston be subjected to a certain pressure 
by the intensity of the load, then the rate of 
efflux or velocity with which the steam will 
issue through the regulator, will be propor- 
tionate to the difference between the elasticity or 
pressure of the steam in the boiler, and the in- 
tensity of pressure upon the piston, and the ve- 
locity of the piston will then be proportionably 
reduced ; and that velocity will be in. the precis,e 



mtiO' of the intensity of ^ t«K> prdsswei^^ atniil 
will contiirae to be Afnifiished a» tbey iqptproacb 
more and! mere towards the same; atidv ^en 
Aey beeoiiif eqna)^ the pigton wtH not bg 
me^ed at alt. Ift alt these cteets^ the veadef 
w44l perceiipe that the elasticity of iike steam in 
the bofler and thai in the cjFiind'er are widiely 
dlS^rent ; the one being that indicated by* Ag 
pvessure on the safety *¥alve of the boiler^ and 
the other by the intensity of the Ibad iipoft the 
piston. 

We hare all along supposed the prodaeikni 
of steam in the bofkr to be a eonstsmt regubiMr 
supply^ and adequate to form steom in sulficient 
quantity to keep up tjie same degree o^ deii«*^ 
m the boiler^ whatever be the rate e£ eSkxK mt& 
die cytmdef by the difSsrent velocities of tb« 
pjston . But;, if this is not the case; if the iomrn^ 
tion of steam in the boiI(Br be not equal to Am 
qnantity escaping throughi tlte tihirotfdervaife, 
then iSie density* in^ the boiler will be dinMnisht 
ed^ and ike rate of elftux^ and aoHBoqueatl^iiM 
velocity of the pisten^^ wiS also be pmforiaxmtr 
abty lessened. 

Two eii«lse& thu» operate » IhoitiDgr tiie r^ 
locityofolthigh'^pCfeflSureeQgiaeS'^Tn. tbeilitao^ 
sity of the pre^suve npoa the pistoQ aampared 
^h (hat in the boiterr and the cpian^y of 
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afcesHi pMdQeed ;— <«td bath these $oper9ie in 
bringing the engine into a state of umfimn 

We mif^t nideed> by ^ilaffgiB^ Iht aperimrB 
hetwssm Iktt boUier end the cylijQuier^ kecmme 
tibe vetoeky ^ efluoL, aiod coeseciaently lOiiMt cf 
<lie |MBloil ; but thk wotaU af;)Mii ibe rendl««d 
futile if the supply of steam coald not be. fa|»t 
up ; the latter will^ therefore, be the principal 
regulator of the velocity. 

We tliils see why the isame enjglne is <^apable 
of prodticing very different effects^ Wheti em- 
iployeA in dragging different weights. In the 
case of flie higli-Jpressure engine, Experiment 
XXVI. ^ when dragging 8 and 9 c&rric^es, the 
perfortnaiice was as 26.t : 30, but the time was 
proportionably diminished, and from the canses 
above stated. The pressure in the boiler was 
"itie same in eadh case, but the dasticity of the 
steain in the cylinder being regulated by £hfe 
weight upon the piston, the rate of efflux would 
%e thus ^iminii^ed, and <he density when 
moving slow would, therefore, be proportion- 
tibly m6reitee<i . Taking the el«^city of steam 
in the boiler as constant, and applying l!his td 
the area of the piirton, the performances will 
appeiar different; l)ut, in such cases, the 'weight 
of the 9bmm, whi<!)h is the Inrue measiitr^ jo£ 
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effect, is always proportionate to the work 
formed. 

I shall now give two experiments, made with 
a view of illustrating thi^ in the loco-motive 
engines, which may not only.be the means of 
explaining the characteristic properties of those 
kind of engines, but also of high-pressure 
engines in general. 

EXPERIMENT XXXV. 

Loco-motive engine, with two cylinders each 
9 inches diameter, boiler 9 feet long, 4 feet 
8 inches diameter, density of steam in the 
boiler 50 lbs. per square inch, length of stroke 
in the cylinders 3 feet, diameter of travelling- 
wheels 37 inches, same construction as Fig. I. 
andll.PtoeV. 

Up the plane. Experiment XXVII., the en- 
gine dragged 12 loaded carriages, the same as 
therein described, the distance of 388 yards in 
430 seconds. 

The resistance by the grayity of the engine and carriages, and 
tlie friction of the carriages, as per Experiment XXVII., is 
1810 lbs. which was moved over the space of 1164 feet; conse- 
quently, 1810 X 1164 = 2106840, the effect produced, exclasiYe 
of the friction of the engine. 

Then 9 'X •7854 x 2 = 127 . 2 square inches, the area of the two 

c^ltndersi which, multiplied by 50 lbs., the pressure on each square 

inch is 6367 lbs., the power applied to the pistons. The diame- 

^ ter of the wheels of the engine is S7 [inches z: 116.24 inches cir- 
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^ilmreience, and as during one double or one complele stroke of 
the pistons, the wlieels make one devolution, the number of 

strokes ivill be 1164X 12^ 116 . 24= 120, of 2 X 2= 4 feet 
each, consequently the piston will have moved through 120 X 4 
= 480 feet, while the engine moved over 1164 feet. The pressure 
on the piston is 636 lbs. ; the power is, therefore, 636 lbs. moved 
480 feet, = 3053280 the power expended. 

•n^erefore \l'^Z T"' 
(2106840 effect. 

Whence we find the efFective- performance 
equal to 70 per cent, of the pressure of the 
steam^ (of the density in the boiler,) upon the 
piston ; and, if we take into account the fric- 
tion of the engine, we shall have an effect 
equal to 88 per cent., and with that the pistoii 
moving at the rate of 80 feet per minute. 

EXPERIMENT XXXVI. 

Same engine, and every other circumstance 
the same as in last experiment, except the 
load. The engine was taken down the plane, 
and 5 of the carriages used in the last expe- 
riment attached; the time of drawing them 
up was 175 seconds. 

The pressure of steam and the space passed 
over being the same as the preceding experi- 
ment, we have 3053280, the power expended. 

The resistance vrill be G zz 1C800 lbs., (the weight of the engine) 
+ 3360 lbs. (the weight of the convoy-carriage) -)-9408x5z= 

47040 lbs. (the weight of the carriages) = 67200 X r^;^^ ^ 
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1M6^. the V^ifHy ^ 4he wMe imm. Ani 43 K<6ssM&^U 

ftc fKctloli oX tte cfcrriagei; then 645+ 216+ j^-j^\=: 158= 

jQlSlbi., tbo lesistAiice, which, In the oxpeijmeot, mn mMrf4 
throi^h 1104 feet; whence 860 X 1164z=aO01KMp; 4bD fltfeet 
produced. 

Therefore If!!^^^''' 
tlOO'HW) #ect. 



Wiienoe i(¥e iuiipe the effiddtive p<ywer *equal 
te 3S.3 p«r loent. of the prefisuw cK the ^Aeafli 
«q^n ibe ^aston^ lyrheoi lJ!i« velocity 4sf fte 
|MB(bon ifi 165 feet in a mimite. 

Tke dbave will oibew baw vmgvie an i^a fre 
hav^e of idie pcorformaace <tf a Jii^^essiire 
en^ne^ by lexpressiag it in terms ef ^lorset^" 
power^ calculated by applying to the area of 
the piston the pressure of the steam in the 
t)oiler. 

The fir^ of these experiments gives 70 per 
cent, effective power^ and the other 33.3 per 
cent.^ -^ile in each the elasticity of the steam 
TO the boiler remained the same. The true 
measure is the quantity, or rafher the weight, 
t>f ^eam expended. The weight of steaim is, 
of ecurse, as its density, indicated by the weight 
on ^e valve confining rt ; and the latter, in the 
two experiments, will be proportionate to the 
Tespective intensities of the load ; the effect erf 
*e *rst is IfiWIbs. moved over 1W54 feet iti 
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430 seconds^ and the other 860 moved over the 
^ame space in 175 seconds. 

^ 1810XU64 ,^,, ,860X1164 ".^ 
^"°' 430 = ^^''' *"^ —175— = ^^' . 

so that the relative performance, with respect 
to time and effect, is as 4911 :5720; which, 
considering the variation that a trifling dimi- 
nution of the supply of steam in the former, 
which was so heavy loaded, might produce,^ the 
anomaly is by no means great ; and if we take 
into the account thie increase of friction in 
all the working parts by the intensity of the 
load, which, in the former, was considerably 
greater than the latter, the two performances 
would perhaps be nearly equal. 

My object in making these experiments was> 
to ascertain if any defect of principle arose 
from the particular nature of the application of 
these kind of engines ; and, whether their effec- 
tive performance reached as high a maximum 
as that of similar engines acting in a different 
manner. — The result will shew, that no such 
defect occurs ; and that, if not a greater, at least 
as great an effect can be produced upon the 
load by the steam with these engines as with 
any other . And that no '' loss^ of power,' * if one 
may apply a technical expression, is occasioned 
in the application of engines to move with the 
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load^ more than what takes plaoe in ordinary 
engines of the same kind^ except what arises 
from the causes hereinbefore explained. 

■ 

The quantity of water used, as will be seen 
by the Tables VI. and VII. varies a little; the 
average will give about one gallon of water 
for every 3 lbs. of coal. 

As before stated^ the true measure of effect 
is the quantity of work performed with a cer- 
tain weight of steam; Now, the weight of 
steam will be proportionate to the quantity of 
coals consumed, in all cases, unless some cause 
operate in the interior arrangement of the 
engines, to produce an alteration in the law. 
The centrifiigal force, produced by the pro- 
gressive motion of the engine, may, at sudden 
changes in the velocity, cause a waste of water, 
by mixing it with the steam, and causing it to 
pass in that state through the cylinders into 
the atmosphere. This is frequently found to 
be the case if the boiler contains more than an 
ordinary quantity of water, and when the en- 
gine is commencing its motion ; but still there 
appears an extraordinary waste of fuel com- 
pared with that consumed by the most econo- 
mical form of high-pressure engines, audit is to 
this part of the internal construction of the 
engine that the great defect arises; and that 
to which the attention of engineers^ wishing to 
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improve the economy of this kind of enginesy 
should be directed. 

A great saving will be observed in the con- 
struction of the two engines. No. 1 and No. 2, 
by increasing the dimensions of the. tube 
through the boiler, and thus exposing a 
greater area of water to the action of the fire. 
No doubt, a similar increase of saving will be 
founds by further enlarging the surface of the 
fire ; a circle, however, does not expose the 
greatest surface in a given area. > I have, lately 
put an oval tube into one of the engines upon 
the Killingworth Rail-road, but not yet having 
had an opportunity of subjecting it to trial, I 
cannot at present give the result. 
: Mr. Watt states, that, in the jnost judicious 
furnaces, it requires eight feet of surface of 
boiler to be exposed to the action of the fire 
and flapfie, to boil ofi* a cubic foot of water in 
an hour. In the Tables VI. and VII. we find 
the quantity of water used was about 120 
gallons an hour; six gallons is nearly equal 
to a cubic foot, which will make the evapora- 
tion about twenty cubic feet of water in an 
hour ; and, by Mr. Watt's rule, the extent of 
the surface should be 160 feet ; if the tube was 
two feet diameter and nine feet long, the whole 
surface would not be more than fifty -four feet, 

s2 
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yridch h considerably below the propei* ex- 
tent^ and >vill account for the great ^aste of 
coals. 

I shall now attempt to she\4r the performance 
of the loco-motive engines^ with respect to the 
conveyance of goods upon Rail-roads^ and 
shall confine myself to theif application upoft 
the edge-rail.* Taking Experiment XXXIU. 
as the datum, which, as it was performed in the 
presence of several eminent engineers, and 
with a view of ascertaining their perform*^ 
ance with respect to the rate at which they cart 
travel in their present state, will be a proper 
measure of their utility. 

The engine, in that experiment, wis Sub- 
jected to ai load of 975 cwt., exclusive of the 
weight of the engine and Cdnvoy-caf riage ;• oil 
a mean of the whole number of journeys, the 
average rate was 6.6 miles an hour. I shall 
call it 6 mtle» an hour, for the sake of even 
numbers. The load was 975 cwt., but, as ill 
the case of carriages moved along Rail-roads, 
by self-acting planes, we found that the relit- 
tive resistance in the^ most favorable and the 
most unfavorable weather was as 4 : 3, we? 
ought, perhaps, to apply the same rule to the 
performance of the loco-motive engine. In the 
ease of horses we also found, that in five months 
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out of the Whole year their performance was only 
:|ths of what it was the remaining seven months. 

Adopting this to the locp- Wtive engine^ 

I'. ' 

We have as 4:3;: ^^ • 731^, the. minimum perforin- 
ance in r^ths of the time, and 976 the maximum -^^thoiy the 
arerage would make 874 cwt. or 43 .tons 14 cwt. 

To procure even numbers^ I stiall say 40 
^ns^ moved at the rate of 6 miles an hour upoip 
a; horizontal, Edge*rail-rpad. 

Taking this as a standard of the per- 
formance of a loco-motive engine upon a 
level Edge-rail-road^ the following Table will 
i^hew its rdative effect.if^ith Worses. 
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TABLE VIII. 




The above Table will shew, in a very striking 
point of view, the rapid increase in the ratio 
of performance of loco-motive engines, whose 
power at all rates of speed is kept the same, 
over horses, the energy of whose power dimi- 
nishes very rapidly at increased rates of speed ; 
^nd this result is not confined to this particular 
case alone, but applies equally to every other 
species of art, where animal and mechanical 
Action are brought into competition. The 
action of horses being limited, must ever curb 
and check the advance of any art where, from 
necessity, they are obliged to be employed ; but, 
inihe application of mechanical power, there is 
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scarcely any limits as our numerous manufacto- 
ries evince the difficulty of conceiving to what 
extent it may be carried. The result in the 
Table may be brought into very familiar com- 
parison with the performance of horses in the 
stage-coaches upon the turnpike-roads. The 
difference of resistance between carriages moved 
Upon the common roads^ and upon a Rail-way^ 
is from observation found to be about as 7.6 : 1 ; 
a horse will, therefore, draw ten tons upon a 
Rail-way with the same ease that he can draw 
^7cwt. upon the common roads, travelling at 
the rate of two or two and a half miles an 
hour. The resistance, or the energy of the 
power which the horse exerts in both cases, 
will therefore be the same, and be equal to 
112 lbs. 

Let that pace be quickened to 6 miles an hour, and by the 
Table w<i shouM have for the energy of his power 37ilb8.y 
Md in the case of the stage-coaches with 4 horses, 37( x 4 
.= 150 lbs. nearly, as the united effort of the 4 horses. 
Then, as 112 lbs. : 15Qlbs. :: 27cwt: 36cwt, the load, 
which, according to the Table, we should have as the per- 
formance of 4 horses upon the common roads, conveyed 
20 miles a day. We may now apply this to the Icco-mo- 
tive engine ; suppose the stage 20 miles, and that this is the 
distance which 4 horses will daily convey a stage-coach, 
weighing dScwt. upon the common road, or 36 X 7. 6 = 
270 cwt., travelling at the rate of 6 miles an hour upon a 
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Rail-road : a loco-motiYe engine we haYe fouii4 travel* at 
ibis rate with 800 cwt. ; therefore, if 270 cwt. required four 
hones, 800 cwt* will requi^ twelve hones, so that we find 
the united effort of twelve horses continually required to 
perform the work of one loco-motive engine, both travelling 
«t the same rate of speed, and t)iat speed six miles an 
hour. 

Suppose the quantity couveye^ .amount to 
forty tons^ four horses travelling at the rate of 
.t\^o miles an hour i^ill, in ten hours^ convey this 
weight twenty miles ; if ^ loco-motive engine be 
employed^ and travelling at the same speed, it 
will in the same time perform a similar quan- 
tity of work, which will be that of four horses ; 
but, supposing that instead of the loco-motive 
engine travelling two miles an hour, that it 
averages a velocity of four miles per hour, then 
in ten hours it will travel forty miles, and con- 
y,ey forty tons that distance, which is equal to 
,the pei;fQrniance of eight i^^, travelling at 
the rate of two miles an hour. And again, by 
further increasing the velocity of the loco-mo- 
tive engine, until it accomplishes a rate of six 
miles an hour ; then, in ten hours, it will travel 
sixty miles, and convey forty tons that dis- 
tance, which would require the united effort of 
Iwelve horses. 

It is, however, only on long stages where 
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tbe > velocity of the engine can be made to 
.average six miles an hour^ that its performance 
will reach this maximum effect ; the .minimum 
•effect being that when their velocity is reduced 
to the lowest in the Table. It is rather against 
these engines that they have hitherto been used 
^n stages not exceeding more than four or 
.five miles, where, from the nature of their em- 
{)loymentj, and the unavoidable stops of short 
:Stages^ their, initial velocity has been reduced 
to nearly that of horses ;— as yet, 3-feet wheels 
are almost the largest that have been used, 
fiimishing a speed of from four to five miles an 
hour, which, from the above causes^ has been 
reduced to little more than an average of two 
or three miles ; and their peiformance, in com- 
parison with horses, has been correspondingly 
-diminished, and, except in few instances, have 
not exceeded that represented in column six ; 
still even with the speed that the wheelson which 
jthey have hitherto been, placed permit them to 
ju^complish, their performance has been by no 
ineans despicable. Upon a Rail-road, near 
Newcastle, a loco-motive engine in fifty-four 
weeks conveyed 53.833 carriages of coals, 
,each weighing 9438 lbs., 2541 yards, and re- 
turned with the sa,me number of empty car- 
•ciages, each weighing 3472 lbs. This was in 
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fifty-four successive weeks> and, in that tim^^ 
exclusive of Sundays^ the engine^ from want of 
goods to convey^ was at leag^ twenty days off 
work; to that, in SOI* dayi$, th^ performance 
was 446.815 tons conveyed one mile, or 1470 
tons one mile each day ; on a stage, only 
2541 yards. This engine had 3«^feet wheels, 
which were calculated for a rate of about four 
miles atid a half an hour ; with larger wheels, 
and where the distance to be traversed is 
gr^iter, the difference of effective speed be- 
tween horses and loco-motive engines, will 
b^ correspondingly increased. In the Vfoni 
cases, therefore, the relative performances, 
vrhen the speed is the same b& that of horses, 
will be represented by column 6, and, when 
the distance and nature of the work is such> 
that these engines can accomplish an average 
rate of speed equal to six miles an hour 
then the relative performances in the time- 
column 10, will be represented by column 
13, when they will attain their maximum 
effect. The range of their utility will there- 
fore lay between those two results, and, as 
the distance and nature of the work permit 
them to approximate towards either of them, 
their utility will assume the one character or 
the other. The least performance of a loco* 
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vnotive engine wili be equal to that of four 
horses ; when therefore the expence amounts 
to that of four hwses^ the comparative utility 
will bfe the same. Their cost will, of course, 
depend much upon the situation of the distiict 
in which they are used/ with respect to the price 
of fuel^ and other circumstances ; and their 
peiformaiice again upbn the length and feature 
of the Rail-road on which they are made to 
travel : as a sort of approximation^ it may be 
stated^ that the average cost will^ in many 
cases, amount to that of three horses, so that^ 
under the most disadvantageous circumstances^ 
when the initial velocity is reduced to an aver* 
age of two miles an hour, the relative perform- 
ances with respect to horses will be as 4:3; 
and when the nature of the road will admit of 
an average speed of three^ four, five, or six 
miles an hour, then the relative performances 
vnll be respectively as six, eight, ten, and 
twelve to three, as shown in column 9 of 
Table YIII. ; and this, it must be understood, 
will take place when horses are made to travel 
at that rate of speed when their performance 
is the greatest, viz. at two miles an hour j — • if 
they were to be brought into comparison with 
loco-motive engines when they are travelling 
at an increased rate of speedy say four miles aii 
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houfj then the. energy of their, power ^ in travel*, 
ling the. same distance; is diminished. one > half> 
as shewn in the Table^ where 100 cwt. is th^ 
load with which they can trayel at the i|d;e «Qf 
fonr. miles an hour. We see^ therefore^ that 
the value, of loco:mptive c^ngines depend 
i9plely on the q>eed which they accomT 
plish in travelling ; and this^ as before 
«een^ will , be regulajted by the length , of 
stage^. and the nature of the road on which 
ihey are applied. The most: extravagant id^as 
are at present entertained of their value^ and 
the velocity with which they may be made to 
travel ; something, of this took place also at 
their .first introduction^ and they were hence 
employed upon Rail-roads^ the most improper 
for their action ; and it is not on that account 
wonderful that, they should^ in some instances, 
disappoint the expectations of their sanguine 
supporters. I have given experiments to shew^ 
that they are capable^ in their present shape^ 
with 4-feet wheels^ of accomplishing a' rate of 
six. miles an hour. It need scarcely be urged^ 
that if they can ; travel . at that velocity, they 
can also be made to travel at a less rate of 
speed ; the cost will perhaps be less ; smaller , 
engines might be employed, and the consump- 
tion of fuel will be diminished; still their 
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relative performance, with respect to work, 
will be the same. 

Yet, however obvious it may be, that, at a 
less rate of speed, the en^nes can travel with 
the same load, it will not perhaps be equally 
obvious, that at 'a greater rate th^se engines^ 
will als5 travel with that load; and, to bring it 
to the apprehension of the reader, will require 
a little explanation. 

We have before seen that the pressure upoii 
the piston depended upon the density of the 
steam in the boiler^ and the velocity of efflux 
to the cylinder, regulated by the area of the 
aperture through which it issues: and expe- 
riment shewed, that wheti the pistbii was mov- 
ing at a less rate, that the steam acted with 
a greater force upon it, when the density in the 
boiler was the same. We will suppose, then, 
that it requires a certain number of cylinders 
full of such a density to propel the engine 
with 4-feet wheels one mile, and that the 
boiler is capable of furnishing 90 cylinders 
full, viz. 

. ■ ; 

45 dottble strokes in a minute; no^r, as in each double 
stroke the wheel makes one revolution, then it VfiU make 45^ 
revolutions in a minute,' aqd the progressive motion of the 
engine is 4 X 3.1416=: 12.5 feet in a revolution, or 12.5 
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X 4^=; 562.5 feet in a minute, and 562.5 x 60;= 33750 
feet an hour = 6.4 miles, or nearly. 

And the resistance or load is 384 lbs. (the friction of the 
engine) + (40 tons X 2240 -r 200) = 448 lbs. (the friction 
of the load) = 832 lbs., moved in one revolution of the 
wheel 12.5 feet, =10400, the resistance: and the power 
ii 9* X .7854 X 2=: 127.2 area of the pistons^ whkk 
mjuUplied by 50 lbs., the pressure of the steam in the boiler, 
we have 127.2 X 50= 6361.7, which, in one revolutionof 
the wheels, is moved 4 feet, =: 25446, the power. 

^""^I moo fertance] ^""" *° "'•' !*' *=*-*- 

If now the wheels be increased to 5 feet, then in each 
revolution the space described will be5X 3.1416 = 15.7 
X45 revolutions =706.5x60 = 42390 feet, or 8 miles 
an hour. 

. But the resistance, in this case, will be different; while 
the engine is making one complete stroke, the space moved 
over with 4-feet wheels is 12.5 feet; and, durbg the same 
stroke, with 5-feet wheels, 15.7 feet. 

Now we have before seen that^ in one com- 
plete stroke of the engine^ the same quantity 
of friction took place^ (except that which 
arose from the action of the wheels upon the 
rail) whether the engine moves over 12 . 5 or 
15.7 feet^ the same extent of attrition occur- 
ring from the various working parts of the 
engine. The retardation of friction will then 
be inversely as the spaces passed over, viz. 

As 12.5 : 15.7, or as the diameter of the wheels. 
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r The total friction of the engine, with 4-feet wheels^ we 
before found to be 384 lbs. Then, as 5 : 4 : : 384 : 308 lbs. 
the friction of the engine with 5-feet wheels. Supposing the 
same load taken, the resistance will now be 308 -J- 448 n 
756 lbs., moved over hi one revolution of the wheel, or in 
15.7 feet, = 11869, the resistance; and, if the densijty of 
steam in the boiler he the same, the power wilV^so, remain 
as before. 

Whence < ,,^^^ . * t equal to 46.8 per cent. 
( 11869 resistance, ) 

The relative resistances, at 6 and 8 utiles an hour, will 
therefore be as 10400 : 11869, or as 34 : 39. 

By reducing the load equivalent to that 
amount of resistance^ or from 40 to 36 tons, 
the engine would then travel at the rate of 
8 miles an hour with the same expenditure of 
steam as at 6 miles an hour ; but^, as the effect 
will invariably be greatest when the load 
bears as great a proportion to the friction of 
the engine as possible, it will always be ad- 
visable to make the load approach the nearest 
to that which the engine can overcome by the 
adhesion of its wheels upon the rails. If, 
therefore, instead of diminishing the load, we 
produce an additional quantity of steam by 
increasing the surface of the fire, or, in fact, 
the size of the tube, we can, either by enlarg- 
ing the aperture through which the steam 
issues to the cylinder, or by increasing the area 
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of the piston^ travel with the same load at 8 
miles as at 6 miles an hour; the only power 
wanted being an additional quantity of steam, 
in the proportion of 39 i34i above what was 
required for a rate of 6 miles an hour. 

In the application of the loco-motive engine 
to convey goods upon Rail-roads, the effect 
will always be a maximum when the load i» 
the greatest that the adhesion of the wheels 
will permit. The latter will, therefore, be 
the utmost limit of their application, and will 
be the rule for the inclination of road on 
which they can be made to travel : still they 
should be kept considerably within this limit, 
or that to which their adhesion will enable 
them to effect their own progressive motion, 
as their utility will depend upon the dragging 
a load after them ; and when this is small, 
compared with their own weight, then their 
effective performance will be reduced below 
a profitable standard, and other means should 
then be resorted to. 

It will scarcely be necessary to give a table 
on the weight of goods w;hich a loco-motive 
engine can take along a Rail-road with dif- 
ferent inclinations, as, when occasional ine- 
qualities occur, the nature of their power will 
enable them to exert considerably greater 
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force than the standard I have assigned themi ; 
and by moving slower, until they traverse the 
ascent, they can again resume their usual 
speed, after they have surmounted it. We 
have already seen an increase of effect from 
33 to 70 per cent, by a diminution of speedy 
which shews that there is a sufficiency of 
inherent power in the engines, to enable 
them to traverse occasional undulations that 
may present a transient increase of resist- 
ance: and this may render the use of a 
table, which could only shew the performance, 
at a determinate and unvarying angle of in- 
clination, unnecessary ; still it will, in general, 
be found most advantageous to preserve as 
strictly as possible, a uniform inclination of 
road> suitable for the nature of the traffic, and 
the relative weight of goods to be conveyed 
in both directions. 

In the use of loco-motive, as with every 
other kind of engines, where steam is the 
moving power, we need never diminish the 
quantity of work to be performed, as we can 
always effect the performance, by an augmen- 
tation in the power of the engine. In the use 
of horses we are restricted — ^they can only be 
made to produce a certain effect; and their 
action must, therefore, be limited: we have 
seen them superseded in every other species of 
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mechanical action^ and the same law extendi; 
to their application upon Rail-roads. 

After the observations I have previously made^. 
respecting the use of loco-motive engines, and; 
the principles of their construction, it will be 
scarcely necessary for me to say, that 1 deem them 
worthy of attention ; and that I think they will 
ultimately be made generally useful, and be 
extended, on suitable lines of road, in prefer- 
ence to horses, in the conveyance of goods 
along Rail -roads : I must, however, beg leave 
to state, that I am far fram believing they 
jire at present arrived at any way near to. 
a state of perfection ; on the contrary, I 
think them far from perfect : the most ridi- 
culous ideas have been formed, and circu-. 
lated, of their powers; and though I am of 
opinion, when made the subject of attention 
amongst engineers, they will ^advance in im- 
provemient like other machines, they must as yet 
be considered only in their infancy, and as not 
haying reached beyond the trammels of preju- 
dice. It is far from my wish to promulgate tq 
the world that the ridiculous expectations, or 
rather professions, of the enthusiastic speculist 
will be realised, and that we. shall see them^ 
travelling at the rate of 13, 16, 18, or 20 miles^ 
an hour : nothing could do more harm toward^ 
their adoption, or general improvement, thaa 
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the proftiulgation of such nonsense. I recom- 
mend the use of them in proper situations, 
because, after ia daily opportunity of witnes- 
sing their performance for ' near eleven years, 
I think the principle of their action is 
founded on good grounds; and that they 
willj ultimately, reach such a state of per- 
fectipn, that^ by facilitating the conveyance 
of goods, at a rate of motion far beyond 
the power of horses on canals, they will be of 
infinite advantage to commerce. Their pro- 
gressive motion is effected with little or 
no injury to the road: the surface of the 
rails is the only part subjected to their ac- 
tion; and these are so durable, that their 
wheels has scarcely any effect upon them ; and 
their action may thus almost be said not to 
affect, or at all injure, the road whereon they 
travel : with horses it is different ; the action 
of their feet alone form a species of expenditure 
by no means trifling, and which is unknown 
in the use of loco-motive engines. 

We are not to look at these engines in 
their present shape and construction, and 
apply them to purposes, and upon Rail-roads, 
for which, by their action, they are never 
intended ; they have hitherto been used only 
where fuel is no object ; where, in fact, eco- 
nomy, in the common acceptation of the 
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word^ consiste m its destruction; and if we, 
therefore^ ^PP^y them to a district where the 
cost of fuel is great, we shall find them very- 
deficient in economising that article : the ques- 
tion is^ are they capable of such an organiza- 
tion of parts as will effect that^ to so great 
an extent as other engines ? I am afi^id they 
perhaps are not, but they certainly are capa- 
ble of approximating much nearer to it than 
they are at present ; the relative economy is 
now about as 3:7^ and we have seen, in a 
very trifling alteration of form, a saving in the 
proportion of 2534 : 2101 ; it cannot, therefore, 
be doubted but a further saving will again be 
effected, by pursuing the same rule still far* 
ther; and that, ultimately the consumption, 
will be so much reduced, as to approach very 
near to that of other steam-engines. 

There is another great objection urged 
against them, which is, the noise that the 
steam makes in escaping into the chimney; 
this objection is very singular, as it is not 
the result of any inherent form in the organi- 
sation of such engines : but an accidental cir- 
cumstance. When the engines were first made^ 
the steam escaped into the atmosphere, and 
made comparatively little noise ; it was found 
difficult then to produce steam in sufficient quan- 
tity to keep the engine constantly working ; or 
rather, to obtain an adequate rapidity of current 
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in the chimney, to give sufficient intensity to 
the fire. To eflfect a greater rapidity, or to 
increase the draught of the chimney, Mr. 
Stevenson thought that by causing the steam 
to escape into the chimney through a pipe 
with its end turned upwards, the velocity of 
the current would be accelerated, and such was 
the effect ; but, in remedying one evil, another 
has been produced, which, though objection- 
able in some places, was not considered as 
objectionable on a private Rail-road ; the tube 
through the boiler having been increased, there 
is now no longer any occasion for the action 
of the steam to assist the motion pf the hea^^d 
air in the chimney. The steam thrpwu in tnis 
tuanner into the chimney acts as a trumpet, 
and certainly makes a vei'y disagreeable 
noise; nothing, however, is more easy to 
remedy, and the very act of remedying this 
defect, will also be the means of economising 
the fuel. 

I have before said, that economy of fuel has 
not been an object where those engines have 
hitherto been used ; no attempt has, therefore, 
been inade to lessen it; and the steam, after 
performing its effect in the cylinders, has been 
allowed to escape into the atmosphere. The 
water with which the engine is supplied, has 
generally been heated in a vessel by the side 
of the road, and carried in a barrel, from which 
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it is pumped into the boiler as occasion requires. 
In the detail of the Experiments I have not 
noticed the fuel required to heat the water^ as 
I considered, that where economy of fuel was 
an object, the water would be he^-ted by 
other means, either by tlirowing the steam 
escaping from the cylinder amongst the water, 
or by husbanding some of the radiation, 
which takes place unnecessarily on so many 
parts of the machine. Nothing is wanted to 
destroy the noise, than to cause the steam to 
expand itself into a re3ervoir, and then allow it 
to escape gradually to the atmosphere through 
tl^ chimney. Upon the Wylam Rail-road the 
noise was made the object of complaint by a 
neighbouring gentleman, and they adopted 
this mode, which had the effect above-men- 
tioned. S, Fig. I. Plate VI. of that engine, 
will shew the reservoir into wbich the. steam 
is allowed to enter, after it leaves the cylinder 
C ; the steam there expands itself, and then 
issues through the pipe r , into the chimney, 
without that noise made by th^ others. Innu- 
merable methods of preventing the noise and 
heating the water might be suggested; one 
pipe within another, placed around the frame 
on which the boiler rests, the interior one 
containing the water, and the steam being 
made to pass from one end to the other within 
th^ outer one, and in contact with the exterior 
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surface of the inner pipe, would both destroy 
the noise a«d heat the water. 

^he noi§e from the working parts of the 
engitie is comparatively 'trifling, and might be 
almibst' eiitirely anrtihilated by a little care in 
the construction . 

There is another objection urged against 
thede engines, certainly not on account of their 
application to Rail-roads, but extending to all 
i^imilar engines, viz. on account of the great 
elasticity of the steam in the boiler. I need 
not again repeat, that the elasticity is consider- 
ably less in the cylinder. At the first intro- 
duction of these engines it was found, as 
before stated, difficult to -keep up a proper 
degree of elasticity of steam in -the boiler ; or 
rather, an adequate supply of steam; and as 
they had to travel on short stages, the pressure 
in the boiler was increased to 50 lbs. per square 
inch, which, in the journey, was allowed to 
expand, and thus acted as a sort of reservoir. 
Since they have been improved, a sufficient 
quantity of steam is capable of being raised at 
all times; by enlarging the apertures between 
the boiler and the cylinder, the elasticity of 
the boiler might be greatly reduced ; . and the 
engine might be then made to assume the 
character of a low-pressure engine. 
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Having thug given as minute a descripticHi 
of Rail-roads^ and the different kinds of motive 
power employed upon them^ as my time 
and the extent of my researches permit^ it 
may not be uninteresting to give a sort of 
brief outline of single and double lines of 
T<mAj with their passings^ as they may be 
required for the general conveyance of goods* 

In most of the Rail-roads in the neighbour^ 
hood of Newcastle-upon-Tyne, and other 
districts of Great Britain, which I have visited, 
one main line of road is laid the whole 
distance, with short pieces of double road at 
certain intervals, and proper passings between 
them, for the carriages going in one direction 
to pass the others returning in the opposite 
direction. In public lines, and for general 
traffic, perhaps, in many cases, double lines 
of road the whole distance may be preferable : 
but this will, in all instances, be regulated by 
the peculiar circumstances of each particular line 
of road. Dividing them into two kinds, viz. 
single lines with different kinds of passings, and 
double lines with common passingis from one 
to the other. 

Fig, XII. Plate II. will represent a 
double road, with the crossings from one line 
to the other, for the carriages to pass each 
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other : A A' is one line, which may be for the 
carriages going in either direction, say from 
A to A' and B B, the other line for the car- 
riages traversing the opposite direction, say 
from B' to B ; those two lines are supposed 
to extend the whole distance traversed, from 
one end to the other. When the goods to be 
conveyed are to travel at the same rates of 
speed, perhaps few, if any, passings will be 
required from one road to the other; but, 
when it is intended for tlie conveyance of 
passengers also^ or for the transit of light 
goods at a swifter pace^ then it will be neces- 
sary to have certain passings, so that the car- 
riages moving faster can cross to the other 
jroad, and pass those moving slower; when 
they can again come upon their own road, 
and so proceed. Thus, suppose a train of 
heavy goods travelling along the road A 
towards A', and another train of lighter goods 
or passengers coming in the same direction, 
the heavy train can then pass along the cross- 
ing ah into the road BB', when the lighter 
train will pass, and the heavy one will again 
resume its former track, by proceeding along 
the crossing c d. In like manner, a light train 
of carriages proceeding along the road B' B 
towards B, encounters a heavy train travelling 
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in the same direction ; by the proper signal, 
the heavy train passes along fe into the road 
A' A, until the other train passes it, when It 
again gets upon its former track, by . passing 
along d e. In this manner, when the road is 
pretty straight (which in public lines should 
always be the case) the carriages will never be 
interrupted by each other : as, if engines are 
used, the weights they take being large, there 
will not be a great number upon the road at 
once, and the heavy ones making a point of 
giving way to those proceeding at a swiftier 
rate, always keep clear of those travelling with 
passengers and light goods. 

The mode of causing the carriages to cross 
from one road to the other, is effected in the 
same manner as formerly described with the 
self-acting and engine-planes. A moveable 
rail, similar to A A', Fig. X., is placed at the 
junction of the passing with the main line of 
road; when this moveable rail is thrown back 
in the position shewn in the drawing, the car- 
riages proceed along the main line without 
interruption ; but when put close to the other 
rail, as shown by the dotted line in the drawing, 
this rail, acting against the projecting ledge on 
the wheels of the carriages, prevents them from 
continuing along the main line^ and diverts 
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them into the passing ; the rail on the oppo- 
site side having an opening for the ledge to pass 
along, as shewn in the rail Fig, XI. 

Fig, IX. shews the sort of rail laid at the 
point when the four rails meet together, a being 
the point where two of the rails meet, and be 
when they branch into two separate rails again ; 

» * • ■ * • 

the upright ledges dd and e e standing up about 
f inch, prevent the wheels from running off the 
road at the junction of the rails, where the pro- 
jecting led^e^on ttie wheels has no effect in 
keeping them upon the road. By attentive 
examination of these rails, on the larger scale. 
Figs, IX. X. and XI. and applying them to the 
lines of road shewn in a smaller scale in Fig. 

XII. it will be seen in what manner the wheels 
of the carriages are directed into the proper 
road. The moveable, or switch rail, is always 
to be put into the proper position by the atten- 
dant of the train of carriages, to divert them 
into the proper track, otherwise they would 
always continue along the maia line. Figs, 

XIII. and XIV. Plate II. will shew two single 
lines of road, with passings of a different kind ; 
A a'. Fig. XIII. is the main line, extended the ' 
whole distance, along which the carriages travel, 
in both directions ; B B' is a siding or passing, 
for the carriages going in opposite directions to 
pass each othjer ; this kind of siding is used 
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when the goods are all conveyed in one airec-^ 
tion^ where-the distances are shorty the motion 
slow, and where, perhaps, the necessity for the 
carriages I passing each other, do not frequently 
occur. In this form of road the ciarriages will 
always continue along the main line of road, 
unless diverted into the passing by the move- 
able rail, previously described, the attendant 
having lo put it into the proper position, 
whenever the carriages are likely to meet each 
other. Thus, if a train of carriages, coming 
along the main line^ in the direction A A', 
sure likely to meet another train coming in the 
opposite direction, then the attendant puts 
the moveable rail into the proper situation, 
when the empty train proceeds either along a B, 
or 6 B/, as the case may happen ; and the car- 
riages pass each other. 

This form of siding is much, or indeed almost 
invariably, used in all the Railways, where 
the goods are to be conveyed in one direction 
only, the empty carriages being the returning 
load ; such as the conveyance of coals frcnn 
the coal-pits to the shipping places. In these 
cases, the loaded carriages always keep the 
main line^ and the empty carriages pass into 
the diding ; the moveable rail being placed on 
that end of the crossing towards which the 
empty carriages are proceeding. These mo- 
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veable rails are very inconvenient^ requiring 
the constant precaution of putting them in their 
proper places^ whenever the carriages are to 
pass each other ; it is true, they do not afiect 
the loaded carriage passing on the main line ; 
the projecting ledge of the wheels always 
displacing them from their position in contact 
witii the rail, into that which allows of the free 
passage of the carriages without interruption; 
Fig. XIV. Plate II. will show a mode of ob-^ 
viating these inconveniences of the moveable 
rail, by a particular form of laying the road ; 
by which the carriages are enabled to pass 
each other without the danger of meeting, and 
where no moveable rail or switch is required. 
A, will represent the main line proceeding in one 
direction, and A' the same line passing in the 
opposite direction. The carriages having al- 
ways a tendency to continue moving in a straight 
line, will, in passing along from A towards d, 
keep the road Adc ; and, in like manner, the 
carriages proceeding in the opposite direction 
A' fl, will keep the road K' ah; the two trains 
will thus proceed into different roads, and, 
passing each other, will join the main line 
again, the former by the road c a, and the 
latter by the road h d. 

This form of passing will be very useful upon 
public lines ; whereas any neglect of placing 
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the moveable Switch in the proper place might 
occasion many inconveniences. 

These kinds of passings will be the same for 
the loco-motive engines as for the common car- 
riages^ drawn by horses ; no alteration of the 
road being required for the former, which, in 
public lines of road, where the general conve- 
nience requires that it should be equally adapt- 
ed to every species of motive power, is a great 
desideratum . 



CHAPTER IX. 

COMPARATIVE PERFORMANCES OF MOTIVE POWER 
ON CANALS AND RAIL-ROADS. 

The existing agitation of the public mind, 
respecting the relative utility of Rail -roads and 
canals, in the transit of goods from one place 
to another, renders it a subject of proper 
encjuiry to ascertain the relative performances 
of the different kinds of motive power upon 
those two species of internal communication. 

I shall, therefore, give a brief comparison^ 
founded on the foregoing deductions of the 
different kinds of motive power upon Rail-roads> 
with the performance of horses by the present 
mode of canal navigation. 

Not having had an opportunity, from my 
own personal observations, of ascertaining, with 
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sufficient accuracy, the weights which a horse 
will drag in a boat upon, a canal, I shall be 
obliged to have recourse to the reports of 
those engineers whose practice in that line 
has enabled them to obtain the necessary data. 

Mr. R. Stevenson, of Edinburgh, in his 
report on the Edinburgh Rail-way, in 1818, 
states, '' Upon the canals in England, a boat of 
30 tons burden is generally tracked by one 
horse, and navigated by two men and a boy ; 
on^ level Rail-way it may be concluded that a 
good horse, managed by a man or lad, will 
work with eight tons ; at this rate, the work 
performed on a Rail-way by one man and a 
horse is more than in proportion of one-third of 
the work done upon the canal by three persons 
and a horse ;" and Mr. Stevenson, in his calcu- 
lations afterwards, assumes the power of a 
horse^ upon a good Rail- way, equal to 10 tons. 

Mr. Sylvester, in his report on the Liverpool 
and Manchester Rail -way, gives 20 tons as the 
performance of a horse upon a canal, travelling 
at the rate of two miles an hour. 

The variation between these two statements 
may^ have ariseri from the observations beinp^ 
mjade on canals of different widths. Mr. Ste- 
venson, in another report, states, that the 
striking difference between the draught ot 
horses, on coming out of a narrow canal, into a 
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more capacious one^ induced the reporter to 
give the subject particular attention ; and, by 
means of experiments made with the dynamo- 
meter^ so far as he had an opportunity of car- 
rying the experiments into effect, the difference 
appeared to be at least one-fifth in favor of the 
great canal. 

Under these circumstances, I shall take the 
performance of a horse equal to that of 30 ions 
upon a canal, which is the greatest I have seen 
assigned by any one, and we have previously 
found the energy of his power equal to 10 tons 
upon a Rail-way ; which will make the relative 
performances as 3 : 1 . 

I am not acquainted with any experiments, 
made on a practical scale, to ascertain the ratio 
of the increase of resistance, either with different 
weights, or with the same load moved at dif- 
ferent velocities, upon a canal; but it is as- 
sumed, by all vmters on the subject, as a law 
of hydrodynamics, which appears unquestion- 
able, that the resistance at least is propor- 
tionate to the square of the velocity. 

Taking these premises as sufficiently esta- 
blished, the Diagram III. (page 183) will re- 
present the resistances at different velocities : 
and the following Table will shew the relative 
quantity of work performed by horses dragging 
boats on canals, and carriages upon Rail- 
roads. 
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Prom this we find, that, when the rite of 
speed is al)out two miles an hour, the quantity 
of goods which a horse will convey upon k 
canal, is three times that which the same horse 
can convey upon a Rail-road. And thSt, 
when the velocity oti eadi is about 3~ utiles ani 
hour, the resistance of thie canal incrtosing as 
the square of the velocity while thai on a Rail- 
road remaining the sam6, the' t^b become eqiikl i 
and a horse is theti enabled to drag as much 
weight upon a carriagie on sT Rail- road, as iri 
a boat on a canal. When the velocity is fur- 
ther augmented, thetttthe disproportion become* 
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greater^ and a much heavier load can be con- 
veyed on a Rail-road^ with the same intensity 
of motive power^ than can be done on a canal. 
If^ therefore, the rate of tonnage on a 
canal, arising from the cost of forming and 
keeping in a state of a,cti ve lise, together with 
the cost of boats, be not greater thati the ton- 
nage required to form and keep 9. Rail-road in 
repair, and also the carriages by which the 
goods are conveyed ; then tljie relative economy 
at different rates of speed, in the transit of 
goods upon panals and Rail-roads, will be re- 
presented by column9;ofthe preceding Table. 
But as, in general, the formation of a canal 
costs about three times as much as the forma- 
tion of a Rail-way, and the annual. -charges of 
keeping the bpat^, towing-paths and bridges, 
&c. in repair, is also considerable, if those ;ex^ 
pences be as much .greater with .a canal, than 
upop a Rail-road, s6 that they will ccmp^nsato 
for the extra advantage of the carnal, in the 
greater quantity of goods conveyed at a slow 
rate, then their relative utility will assume a 
different appe9rance. and the Rail- way, m re* 
quiring a less investinent of capital, and less 
f^nnual charge!^, may be superior even at the 
lowest and most advantageous rate of motion 
upon canals; and, where, facility or expedition 
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Is an object^ then at the mare rapid rates of 
speed, the Rail-i^ay will be proportionably 
•superior. 

These, however, being; matters of calculation, 
where ev^ instance may present a. different 
conclusion, and depending upon all the various 
concomitant circumstances kicideht to each 
particular case, cannot, in a work like this, be 
made the subject of even conjecture, I have 
endeavoured to furnish all those data which 
appeared general, and which applied to the 
two modes in conjunction with each other. In 
a practical and general point of view. It must 
be left to those acquainted with all the circumi* 
stances of each particular case^ when they come 
into competition with each other^ to judges 
from the individual situations, which of the 
two is preferable- 

When it becomes a subject of discussion, 
which of the two modes are to be adopted, it 
assumes rather a different shape iimi. when ^ 
Rail-road is to enter into competition with a 
canal already formed. In the latter case, the 
canal proprietor commences with considerable 
advantage by the additional quantity of goods 
which a horse can drag at a slow paioe upon a 
caiml, where perhaps a little loss of tiine may; 
be no object; the canal proprietor jn^y, 6ven 
with his great investment of capital, by reducing 

u 2 
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his rates of tonnage extremely low, be enabled 
to compete successfully with, a RaiJ- way . 

Fot although a horse may, when travelling 
at the rate of four or six miles an hour, convey 
a. greater quantity of goods up<»i a- Railway 
than when employed in dragging goods^ at the 
same velocity upon a canal ; yet still a horse 
cannot drag . more goods at the rate of four . 
miles an hour' upon a Rail'^way, than he can at 
two miles* an?^ hour upon a canal ; for in no case 
does< the greatest quantity of work that a horse 
can-'do,^ at the most beneficial pace on a canal/ . 
reach below three times that which a horse 
can do at any pace upon a Rail-road. 

For the conveyance of passengers, or where 
the transit of any species of goods may require 
a celerity of four miles an hour, then Rail- 
ways become unquestionably more economical 
than canals ; but if the question be the abstract 
performance, or quantity of goods to be trans^*: 
portddvfrom one place to another withoufe 
reference to speed ; then the canal will at all. 
times have a superiority over Railroads, in. 
point of qtmntity of work done by a horse, in. 
the proportion of 3:1. The eomparative> 
expence arising from the extra interest of capital/ 
and the annual charges and maintenance of a.> 
ciana} may reduce this proportionate perform^, 
ance near to an equality ; — or, if the oi>e com- 
pensate fo the other, then perhaps the lesis 
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^ell'kiiawn, as4ilso the laws by which they are 
governed in falling down inclined planes. 

The force with which a body is accelerated down an 
inclined plane is to the whole gravitating force of the body 
falling freely, as. the height of the plape to its l^gth. 
Let H ;= the height of the plane, 
L = its length,' 

W'= the weight of the descending body. 
Then the gravitating force of the body down the plane, 
which may be expressed by G, will be 

.If we make r= 16^ feet, the space which a body will 

.1 ' 

describe in a second of time, by falling freely, and t = the 
lime in seconds, 

Then the space S, which a body will describe upon any 
inclined plane, in falling t seconds will be 

For instance, if the height of the plane be equal to the 

• • • « 

36th part of its length, or the descent be one inch in a yard 
— then, by (th. 1) the force by ^which the body is urge^i 
down the plane will be equal to the 36th part of its weight ; 
and (th. 2) the .space which it will describe in the ifir^t 
second pf time, will be tl>e 36th part of 16^ feet, or 5^f 
inches; and, by the laws Of falling bodies, the spaces 
passed over being as the square of the times, the space 
described, at the eod of any, other time, will be equal to the 
square of ^hat timC; multiplied by 5f§- inches* 

Ti^ia:,vi{l be true v^hen the body descending the plane Js 
without /riction; but as no carriage can move without rub- 
bing parts, and, consequently, liable to friction; we mu^t 
make allowance for this, otherwise the result in practice will 
jdot aiCQord witbvihe theorem. 
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The friction of carnages, moved along RaiWoads^ wiQ b^ 
afterwards shewn not to differ materially from that of ttni^ 
form resistance ; we may, therefore^ express the resistance 
opposed by friction to the body moving freely down the 
plane by F, and consider the diminution of the gravitating 
force of the body, by this cause, equal to the amount of the 
friction ; htnce, retaining the former symbols, 

we have S = ' X W* (A) 

WS • 
andF=:a- ^ (B) 

We can, therefore, determine the friction F 
of any carriage or. waggon by the latter for- 
mula, in causing them to descend a certain 
known declivity ; and, ascertaining the space 
passed over in a given time, the difference 
between the space actually passed over, and 
that which the body ought to have described 
in descending freely, will be the diminution 
by the effect of friction, and will be a correct 
estimate of its amount. 

Thus, find the gravitating force of the body 
down the plane, by multiplying the weight of 
the body by the height of the plane, and divid- 
ing the sum by the length; then multiply the 
weight of the body by the space passed over, 
and divide this sum by the square of the time 
in seconds, multiplied by 16^ feet, and sub- 
tract this quotient from the gravitating force of 
the body, and it will give the friction. 

This comprehends a body, or system of 
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the ascent of a train of carriages by the de^^ 
scent of a similar^ train more heavily loaded 
in a \given time. The respective weights 
W and w of the descending ai^d ascending 
train of carriages being giren, we shall then 
have the following known quantities derived 
from the preceding experiments^ viz. P andy^ 
JbyTablel. p.l94, ^byTablell. p.314. 

Then, taking the Motion and resistance of the several 
tnoving parts as deduced, by the foregoing experiments^ and 
making T = the required time of descent of the carriages 
down the plane ^^^t, we have 

whence the prepohderance of gravity necessary to effect the 
descent, in all states of the weathef, in the time T, will be 

C Yi^ (W + f.)S ' 
."" 9.04T* 

and, having the weight of the descending and ascending 

trains of carriages, the inclination of the plane will be 

(W+to)S 
H _ 9.04T»+<p + F+/ 

In the caes of a single train of carriages dragging a rope 
after them, we have 

9.04'P 
This expression of G, which represents the gravitating force 
of the carriages, will, also, represent the action of any other 
power ; and will shew the force required to ui^e the body, or 
train of carriages forward, whether they have to descend or 
ascend planes inclined to the horizon, or upon level )plane8« 

In practice^ therefore, we miist either elevate 
the plane, or increase the number of carriages. 
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until we obtain the requisite preponderance.; 
but^ in every, case, it will be necessary^ in 
order to secure the constant action in wiiitev 
and summer, that the excess 1 amount to that 
given by the above formula. 
. Before dismissing the subject of self-acting 
planes, it maybe necessary to state, that consi*^ 
derable regard should be observed in forming 
Ihe line into a proper descent, or into that in 
^which the velocity of the carriages, on all 
parts of it, shall be nearly equable as possible. 
The action of. gravity causing bodies to 
descend with velocities ijinifprmly accelerated, 
Ihe Qijotion of the carriages upon a plane. with 
a .uniform descent will be very variable ; being 
accelerated, as the square of the times em- 
ployed in traversing the plane. The plane 
should not, therefore, be made with a regular 
and uniform descent ; but such as will give a 
greater preponderance of gravity at the com- 
mencement, and then diminish in such a ratio 
that the diminution of preponderance wiU 
abstract as much gravitating force as will 
compensate for the increasing velocity of the 
carriages, so that the two will counte^t each 
othjer, and thus produce a comparatively uni- 
form yelqcky in the carriages on the plfine. 
The line of descent to perform these condi- 
jtions is r^^th^r difScult to determine, but perhaps 
will appro^ch^nejar to the curve called a cycloid . 
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investment of capital . in a Rail-road^ and the 
greater certainty of transit^ may make it supe- 
rior to a canal; but^ unless the disparity of cost 
'is great between a Rail-road entering into 
competition with an existing canal^ ox unless 
some extraordinary circumstances in the nature 
of the traffic occur^ it may be difficult to say^ 
when horses are the motive power on each> 
which is superior. - 

There is one very important property in a 
Rail-way> which gives it great advantage over 
a canal^ viz. the range of undulation whieh its 
nature permits ; a straighter and shorter line 
can mostly be made between one place and 
another, which, from the necessity of haying 
canals always perfectly level, or at least that 
level only broken at certain intervals by the 
occurrence of locks, occasions frequently a dif- 
ference in distance of considerable magnitude, 
and this may diminish the comparative cost of 
transporting goods, and give a superiority to 
Rail-roads. 

And again, in many cases, where the principal 
.part of the goods jire to be conveyed in one 
^direction by a proper inclination of the Rail- 
way, the weight of goods may, in some in* 
.stances, be considerably augmented without 
.presenting a greater average-resistance than 
jpueyiously stated, when the relative perform- 
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mice Upon Rail-roads will be* pro{K>rtionably 
inpreased. 

Having thus given a few hasty remarks^ on 
<the comparison o£ Eail-roads with Canals in 
^the use ofwiimal power^ I shall also give a 
brief comparison between the use of medbani- 
<cal power on Rail-roads^ and animal power on 
.canals ; and here^as in every other case^ where 
the two species of action come into competi- 
tion^ .we shall find the medhaiueal power out- 
strip the animal in general economy. 

Table of the relative performances of horses 
dragging boats on canals; and loco-motive 
engines y dragging carriages upon Rail-roads. 
The former supposed to be without locksy and 
the latter horizontal. 

TABLE X. 
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bodies^ descending an inclined plane^ and op- 
posed only by their own friction and inertia ; 
but the principal use in practice is to employ the 
preponderance of a descending train to drag 
up the returning empty carriages, The gra- 
vitating force has then to be opposed^ (in 
addition to the friction of the descending 
train J to the friction and gravity of the ascend- 
ing train^ and also of the rope or chain by 
which they are drawn up the plane. The gra- 
vitating force of the loaded carriages will then 
be the sole moving power ; and the resisting 
or retarding force composed severally of the 
gravity of the. ti^cending carriages^ and the fric- 
tion of the whole train. 

If we make F' represeat the whole retarding force^ opposing 

the motion p( tlve descending train, 
and w zi the weigt^t of the ascending train of car* 
riages, 
Tden, as a body requires the same force to propel it up- 
wards through a given space, which gravity would produce 
in it by its fadi through that space, or the. force which a 
body will acquire by falling through a certain height, will 
propel it upwards.througb. the same height; consequently, 
the ascending train of carriages will oppose the motion of 
the descending train with a force equal to the sum of their 
friction and gravitating tendency down the plane ; 

G — F' 

and we have S = ^ , ^ X rl* (C) 
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This expression of F' is composed of four 4istiqct part^, 
Yiz. the friction of the descending train of carriages; the 
friction of the ascending train ; their ^vity ; and the fric* 
tion of the rope. 

* H 

Make ^ = the gravitatiojj^ foroeof Ih^asccndiiig train zz -j^ 1 

- - wS 

. / = their friction =:^— TTj 

Ip =: the friction ot.refislance of the rope. ! 

TCtenF= F+/+^+.g*. 

And having. ,th^ -Inction ^jf^ihe carrifiges. and tbeir : griMrir 
^pg rCorce, ibe friction of tb^ rop^ I 

will be - (frsF—^F + f+g-XF), 

In the application of the inclined plane te 
practice^ it will be requisite^ as before stated^ 
that the quantity of work should be done with 
the least cost ; and this wiH ' be accomplished 
when the descept of the plane is such 9$ 
will perform the work required, without ^aying 
unnecessary strain upon the rope , employed 
for the purpose: this can be effected either 
by employing a commensurate number of 
carriages upon, or by giving additional ele- 
vation to, the plane. Any body, or system of 
bodies, placed upon a plane inclined to the 
horizon, ^will, if the gravitating tendency of 
the body down the plane exceed its friction, 
begin to descends and its motion will be 
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Ifr(«n this Table, we find that ar loeo- 
ttiotive engine, eflfecting a constant average 
velocity of six miles an hour, will,, in ten hours^ 
on a Rail-road, perform the work of four horses 
employed in dragging goods at the rate of two 
miles an hour upon a canal ; and, as this rate 
of spfeed on •» canal is that when- the perfohn^ 
ance of a horse is a maximum, we derive th« 
ednclusioni — That so long as the expence of one 
locO'tnotwe engine does not exceed that of fimr 
hovsesyand their attendants; then goods can- be 
conveyed imth ' the sarne expendkute of motive 
power^ at six miles an hour upon a Rail-road, 
that they can be conveyed at two miles an hour 
tspona canal. 

I have elsewhere stated that, in general, one 
loco^motive engine; in certain districts; may be 
estimated to cost as much as three horses ; but 
the comparison was made with horses upon 
Rail-roads, wliere one attendant to each horse 
is sufficient. On canals it will be different, as 
the attendants upon each horse and boat are 
generally three ; — the relative cost of loco- 
motive engines will therefore be diminished, 
and their utility, in comparison with horses 
on canals, proportionably increased . 

But this is not the only benefit resultitig 
from the application of steam power to Rail- 
ways, viz.. that goods are conveyed with the^ 
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sami experidititre of motive power on a Ruil- 
food; at the rate of six miles, an hour^ tbat 
l^oodB'caii be conveyed at the rate of two miles 
an hour upon a canal. If it be attempted to 
augment the velocity on a caiml to three miles 
an houi*^ then one loco-motive engme on a 
Rail-road mlh in ^i^ hours and twa tibirdsj, 
perform the work of nine horses on a canal ;~ 
aad if the velocity be further inc^reased to foiur 
miles ah hour^ then^ in five hours^ the loco* 
motive en^ne will pefrform the work of sixteen 
horses ; and as often as these iimeis are repeat^ 
6A/ a similar ratio of performance will be 
accomplished. 

It follows^ from this^ that the only supet 
riority existing in any part of the economy of 
canals/ arid that wherein a transient advantage 
over -Rail-roads occurs^ and which consiste in 
the less resistance opposed to the motive pow^ 
in transpofrting heavy goodb^ at a slow pace ; is 
superseded by the application of. ixiachinery 
to Rait^ways. And Ihis result may be ex:- 
peeted whenever, as previoudy stated, the 
nature of the Work permits the application of 
mechanical power in the one ciase, aiid it is 
brought into competition with animal labour 
in the other. 

These observations of the relative perform- 
ances, witli respect to work on Rail-roads and' 
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Canal»^ ^pply ^o the ihotiye power only. If 
the formation aad anniiaL chai^ of a canal 
eixcee4 that of. ^a RailTToad^ then a further in* 
crease of adviaiitage ia produced in &voQr of 
Raiirroads ;-~on the contl'ary^ if the i)alaBcei8 
in. favour. of a canal^ then it will become a 
question^ whether the additional celerity dn the 
transit of :goods by a Railr-Toad^ will contpen*' 
sate for any additional cost of- the ilail-*i!iray: 
In general^ the difierence of eoet^ both in 'the 
formation and annual^ charges; is presumed' to 
be in finvour of Rail-roads ; and/ if any judg^* 
ment ean be formed ^om the tonnage upon ihe 
various canals^ in the different distaricts of Eftg* 
land^ the presumption appears nearly indispn^ 
table. 

The trifling injury done to the road by the 
action of the loco-motive engine^ considerably 
enhances its value^ by diminishing the charges 
of tonnage for annuid repairs^ which^ added 
to the less investment of capital required in 
the formation of a Rail-road^ excites reasonable 
expectations of a very important change in the 
economy^ and also celerity^ of internal commu- 
nication. 

In the above disquisitions^ canals have been 
compared in their most favourable state^ as 
being without locks ; any variation from this^ 
will throw the balance more in favour of Rail- 
roads. 
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It will not perhaps be necessary/ in a'worlBt 
like this^ to explain at greater length the rela^ 
tive merits of Canals and RaiWoads; local 
circumstances may effect general results^ but 
unless other causes transpire than the simple 
abstract question of the two modes in-conipa-^ 
rison with each other^ we hare, by the appli- 
cation of mechanical power to Rail-roads^ the 
advantage of a less investment of capital^ and 
also a saving by the motive power; which 
produces^ in the general economy of internal 
communication^ a degree of importance thatj 
combined with the celerity of dispatch^ cannot 
fail of being of the utmost benefit to com^ 
merce. 
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